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NOTICE

This document is a Jet Propulsion Laboratory Section Report.

Section Reports are not official publications of the Jet Propulsion Labor-

atory; they are normally for use of Laboratory personnel only and are not

m be released to outside agencies unless such distribution serves a

necessary and specific purpose of the Laboratory.

The cognizant Section or Division Chief must authorize or dis-

allow or establish the conditions which permit the external distribution

of Section Reports.

Authors are cautioned NOT to reference Section Reports in

official Laboratory publications.
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I. INTRODUCTION

//09_ "_,:
The Trajectory Monitor System currently in use at the Jet Propulsion

Laboratory has been recorded on magnetic tapes for distribution. This Section

Report is to accompany copies of those tapes and describes the capability of the

Trajectory Monitor System, the contents of the recorded information on the

magnetic tapes, how a user can transfer this information to cards and printed

listings, and how a user can set up, modify, and operate the system.

Also included are subroutine write-ups, input and output forms and

explanations, and results of test cases that can be utilized for comparison pur-

poses.

A flow diagram of the trajectory monitor subroutine MON is included

and the interface with,the programs under the trajectory monitor is described.

The trajectory programs under the Trajectory Monitor System are the

Powered Flight and the Space Flight Programs. _ d-F/ff _ _

i _
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I
II. COMPUTER CONFIGURATION

The JPL Trajectory Monitor System is programmed in the symbolic

FORTRAN Assembly Program (FAP) language. The system will operate on a

two-channel (A and B) IBM 7090 or 7094 with at least five tape units on channel

A and at least four tape units on channel B. (For maximum output capability

six tape units are needed on channel B.) Channel A must also have an on-line

card reader and an on-line printer. It should also be noted that at JPL a clock

is sensed through the on-line printer. Since it is unlikely that the user instal-

lation will have the same on-line printer board and clock configuration as JPL,

the computer may hang on a channel A select. There is no single remedy for

this trouble, so each installation will have to overcome this problem if it

occurs.

The tape units needed on channel A and B are described in the following

table:

I
I

I
I
I

I

I
Unit Density Mode De sc ription

A1 hi Binary

A2 hi BCD

A3 hi BCD

A4 hi

A8 hi Binary

B2 hi

B3 hi

B4 hi

B5 hi

B8 hi

B9 io

Mixed

Binary

Binary

FORTRAN system

Input tape

Output tape

FORTRAN system scratch

n-body ephemerides

FORTRAN system scratch

FORTRAN system scratch

FORTRAN system scratch

Trajectory SAVE tape (function of input

to trajectory programs)

Trajectory monitor system

Output which is in a format suitable for

input to the Stromberg-Carlson 4020

Plotter (function of input to trajectory

programs)

-Z-

I

I
I

I

I
I
I
I

I
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The sense switches have the following functions:

Sense Switch

l -off

i -on

Z -off

2. -on

3-off or on

Use

FORTRAN selects the on-line card reader whenever it

encounters an ENDTAPE on input tape AZ (see Section

T'_T_C _. {,--,_ _,_-F'4_-if..;,_._ ,-.,+" "_'I'%TT-_'-[-' ,'%_"_'_ T+" .-_ ,._,-r-.,,_.-_4-,--,-,..

presses the"start"button on the card reader and if

there are no cards in the card reader then three end-

of-file marks are written on output tape A3. Then

sense switch l-off flags FORTRAN to halt for operator

action.

Same as l-off except that output tape A3 is rewound

and unloaded prior to the halt for operator action.

2-off flags FORTRAN to use B5 as the tape unit that

has the FORTRAN system library tape. This tape is

not included in the system so sense switch Z must

always be on.

Z-on flags FORTRAN to use A1 as the tape unit that

has the FORTRAN system library tape.

no use

I

I
I

4-off or on

5 -off

5 -on

no us e

5-off flags the trajectory monitor subroutine MON and

the trajectory programs to get their input from AZ.

5-on flags the trajectory monitor subroutine MON and

the trajectory programs to get their input from the

on-line card reader.

I 6 -off 6-off flags the trajectory monitor subroutine MON and

the trajectory programs to output to A3.

I
I
I

6 -on 6-on flags the trajectory monitor subroutine MON and

the trajectory programs to output to A3 and to the on-

line printer. This switch is live during a trajectory.

-3
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The enter keys (ENK) instruction is not used.

The multiple tag mode is used (i. e., an instruction with a tag of 3 is

interpreted as both index registers I and 2 in a"logical or"sense.) (See Ref. i,

p. 8, for more details.)

Appendix A contains a write-up of the 1401 general program. A deck

has been enclosed with the system tapes.

-4-
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Ill, JPL TRAJECTORY MONITOR SYSTEM: ITS CAPABILITY

A. Introduction

The JPL Trajectory Monitor System was written to be a trajectory

design tool. Thus its capabilities are concerned mostly with targeting, obtain-

ing partials, and buffering input between its two major programs in order to

carry out its functions.

Before discussing capabilities, we must first consider the manner in

which the input to the two major programs is buffered. The core that lies

between the monitor subroutines and the system origin is divided into three

regions. The core that starts at the system origin is reserved from location

10010 to 20010 for input to the Space Trajectory Program. The monitor uses

the next i0010 locations. Following this region is the input region of the

Powered Flight Program, which extends to location lll010. The monitor uses

the next 9010 locations for input and storage. From location 120010 to the

start of the monitor subroutine, the core is taken up with subroutines that

satisfy one or both of the following conditions:

I. The monitor uses the subroutine.

2. The subroutine is used by both the Space Flight and Powered

Flight Programs.

All core below the monitor subroutine is considered to be a part of the

monitor; thus, since the monitor remains in core throughout a batch of jobs,

the input areas also remain in core, and can be altered only by the monitor or

by input.

The most basic capabilities of the monitor consist of its ability to select

either of the major programs from the monitor tape, buffer the terminal condi-

tions of a powered flight trajectory for later use as injection conditions for the

space trajectory, and run the programs in sequence. With these capabilities, the

targeting becomes a rather simple achievement.

B. Targeting Methods

The monitor uses two methods for targeting. The best known method is

the standard Newton-Raphson scheme. The second is a quadratic method (often

called a one by two search) in which the independent variable is varied to obtain

"near" convergence in two dependent variables.

-5-
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_e m )st imp( rtant f,atu: es that

h lirear dep _ndent •ari_ bl_.,. At JPL we have focused I

one set of d _pendert va ia)]_= anJ us, tr _nsformation:

that system I

rigl_t-hande I versi, n oJ thz ,;,sterrl di_cu _sed n

'T, ]B'R system is extremely linear and its geometry I
Before discussing searching techniques, we will define

. Let _i be a unit vector parallel to the incoming asymp-

center of the target body and a plane of interest. This I

_s through the center of the target body and can be par-

_ne or the Earth' s equatorial plane. Define a vector T- I

ector, lies in the plane of interest, and is orthogonal to S:

/ Sy , -Sx , \ I

o) I

I

l_x YI I

these vectors to the center of the ta: we obtain I

I

I

-' _ _ I

I

I

Perhaps one of the most important features that a targeting system can

have is that it works with linear dependent variables.

most of our targeting on one set of dependent variables and use transformations,

if necessary, to work in that system.

This system is a right-handed version of the system discussed in

Ref. Z . The modified B- T,

is easy to visualize.

the B. T, B.R system.

tote referenced to the center of the target body and a plane of interest.

plane of interest passes through the center of the target body and can be par-

allel to the ecliptic plane or the Earth' s equatorial plane.

such that it is a unit vector,

Then define

If we translate these vectors to the center of the target body,

Sketch i.

Sketch l

- 6 -
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The vector B is defined to lie in the plane of R and T- and is drawn from

I the center of the target planet perpendicular to the approach asymptote S as

shown in Sketch 2.

!

,
J
I Sketch 2

are m( r

I the axis defined by the -T-and R vectors, as shown in Sketch 3.

I

I

I

I _._

, i
! ,/

The quantities B. T and B.R are merely the scalar projections of Bonto

Sketch 3

I

I
-7 -
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Since all of our missions are hyperbolic about the target body, we have
a well-defined set of variables to work with. The linearity of the set arises

from the fact that for reasonable perturbations at injection the S vector is

translated, but not rotated at the target.

Since this set requires only two degrees of freedom, and we essentially

have three leaving the Earth, we generally work with a third dependent variable.
For our third dependent variable, we most often use either time of flight I or

Julian date of arrival.
The monitor need not restrict itself to the above set of dependent var-

iables; it can, in fact, use any dependent variables computed by the program

doing the searching.
For the ordinaryN x NNewton-Raphson search, the monitor brings in

the specified program and turns control over to the searching driver. This
driver runs a nominal trajectory to obtain the column vector of miss compo-
nents, C. TheN 2 partials are obtained by running Nperturbed trajectories and

differencing. Having obtained the matrix, A, of partials, the search routine

solves the equation

A Z_ _ = _- (3)

to obtain the increments to the (launch) injection conditions to null the miss.

Experience has shown that the partials obtained by differencing are good for

three iterations; thus, the partials are kept for three iterations and, if con-

vergence is not obtained, a second set of partials is computed by runningN more

perturbed trajectories about the last iteration and differencing. This second set

of partials is allowed three iterations. If convergence has not been obtained in

nine iterations, the monitor abandons the search and cycles for the next job. In

practice, searches rarely diverge, and when they do, input errors are the usual

cause.

ITime of flight is defined as time from some known epoch to either impact or

closest approach at the target body.

_
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The quadratic one by two search mentioned earlier has the following
Z

form:

Let Q be an independent variable (generally Q is seconds past midnight

of launch day). Then

I 8B'T

B. Tw = B.T O + 8_AQ (4)

i

I

I

B.R = B. Ro + 6B.R_Qw 6Q

where B. Tw and B. Rw denote the values of B. T and B. R wanted and B. T O

B-R 0 denote those obtained on the nominal trajectory.

Since

(5)

and

I

I
we have

B 2 2+ R
W

(6)

l

I

I

Bw2 = . + 2 • T06_-_Q

(7)

- B-R 6:._ z._z

I then

( o0
I

I
g_. \SB. R 0

(8)

+ (_)2AQZ

i

i

ZThe derivation of this method is the work of Victor C.

William Kizner, both engineers at JPL.

_

Clarke, Jr. and
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I

I
To minimize the left-hand side of Eq. (8) we differentiate with respect

to AQ and obtain

Thus

6B. T 6B. R

B. T O 6_ + B'R0--6-Q
AQ : - (9)

This type of search is powerful when used to null large misses; however,

once it has brought the miss into a range of, say, 30 to 40 thousand kilometers,

it is no longer useful and in most cases it will diverge. When targeting mission

trajectories, the quadratic one by two is used to bring the miss vector quickly

into a range where theN x N search can easily refine it.

The choice of the coordinate system in which the initial conditions are

specified is extremely important. Because of this, the monitor is capable of

transforming input injection conditions into various coordinate systems for

searching. An example of a case where this is necessary is easily constructed.

Assume that a search is being done using only the Space Trajectory Program

and our energy and range at injection are fixed. We then would not want to use

Cartesian coordinates as independent variables, but if we use spherical coor-

dinates we may vary the angles with impunity and satisfy our energy and range

restrictions. On the other hand, when doing targeting during midcourse maneu-

ver calculations the Cartesian velocity components are much to be preferred,

since velocity increments in this system are easily referenced to the spacecraft

coordinate system.

C. Auxiliary Output

Once the preliminary trajectories have been targeted, they must be

analyzed. The monitor provides an easy method of analyzing trajectories with

its plotting capability. Through the monitor, the two major trajectory pro-

grams write a tape that we refer to as a SAVE tape. Each record of this tape

contains time past the initial epoch and trajectory parameters. The set of

-i0 -

I

I
I
I

I
I
I

I

I
I

I

I
I
I
I

I

I



I
JPL Section Report No. 372-ii

I
I
I

I
I
I
I

I
I

I
I

I
I

I
I

I
I
I

trajectory parameters has been chosen such that it contains those quantities

most often plotted at JPL and sufficient other quantities so that it can serve as

a spacecraft ephemeris. The SAVE tape is processed by the monitor plotting

program to obtain a tape suitable for input to the Stromberg Carlson 4020

plotter.

Since the input regions for the two major programs are distinct and can

be altered only by input or monitor functions, we can do the following in one

machine pass:

!. Chain searches (i.e._ we can_ start with a one by one search, followed

by a two by two search, and follow that up with a three by three

search, having to input initial conditions only once).

2. Search, using the Powered Flight Program, over a range of azimuths,

buffering only the end results of the central azimuth for use as

injection conditions for the Space Flight Trajectory Program; then

after the last azimuth has been finished, run a space flight trajectory

using the buffered conditions.

3. Search, using both the Space Flight and Powered Flight Program;

then use the converged conditions to run a space flight trajectory,

doing fine prints and making a SAVE tape simultaneously.

4. Print and punch the Space Flight Trajectory Program variational

equations.

II -
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IV. FORTRAN SYSTEM

A.

a trajectory job or jobs which have been set up according to Section VII-D,

have been loaded on tape A2:

STEP I To begin processing an input tape a START card and a

FORTRAN Interface With the JPL Trajectory System

The following steps indicate the flow of control during the execution of

and

STEP 2

STEP 3

STEP 4

STEP 5

DATE card are read via the on-line card reader. (For

details of the formats of these two cards, see Section IV-C.)

Hence, an operator must place the START card and then

the DATE card 9-edge first, face down in the on-line card

reader, press"reset"on the console, press"start"on the card

reader, and then press'%oad cards"on the console. Control

is then transferred to this start program. (For details of

row binary cards used with the on-line card reader, see

Ref. l, p. 145).

The Start program reads in the FORTRAN system from A1

and transfers control to it.

The FORTRAN system processes the ID card, senses the

clock, prints the ID card image, the DATE card image, and

the clock image on the on-line printer, and reads in and

transfers control to the BSS loader portion of the FORTRAN

system.

The BSS loader reads in the binary main program (here-

after called the three-card loader) starting at 144 (octal),

prints the word "EXECUTION" on the on-line printer, and

transfers control to 144 (octal). The three-card loader is

coded to halt at location 150 (octal) to allow the operator to

mount the necessary tapes. The operator must press "start"

on the console to continue the job.

The three-card loader then reads the trajectory monitor

subroutines from file one of tape B8. Control is then trans-

ferred to the subroutine MON by a transfer to 302 (octal).

-12-
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STEP 6

S'i'_P 7

STEP 8

The subroutine MON reads the trajectory monitor control

cards, reads in the Space Trajectory Program or the

Powered Flight Program and the necessary powered flight

tables from file two of tape B8, initializes, reads in the

initial conditions for the trajectory program in core at the

time, and then transfers control to this trajectory pro-

gram via the instruction CALL PUP. Entry back to MON

is by TRA 1,4.

The subroutine MON will continue to monitor the trajec-

tory job until the input from A2 is exhausted and a TRA 180

is encountered. This causes control to leave the trajecto-

ry monitor and return to the FORTRAN monitor.

The FORTRAN monitor will space down input tape A2 until

an end-of-file mark is encountered. The clock is again

sensed and the number of lines of output and the clock

image are printed on the on-line printer. FORTRAN

expects the next card image to be either the ID card of the

next job or the ENDTAPE control card. (See Section IV-C

for details of the ENDTAPE card, and Section II concern-

ing sense switch i.)

Some Particulars of the FORTRAN System

i. Locations 0 to 143 (octal) are reserved for the FORTRAN

monitor. The BSS loader therefore begins all program loading

at 144 (octal).

2. COMMON starts at 77152 (octal) and proceeds to low core.

Locations 77153 (octal)and above are reserved for the FORTRAN

system.

3. Upon successful loading of a program by the BSS loader, the

loader prints a core map giving the order, start locations,

entries, and length of the transfer vector for each subroutine.

4. By manually entering instruction TRA i00 (octal), an operator

can terminate a job and request FORTRAN to proceed to the next

job. By manually entering TRA 107 (octal), an octal core dump

will be given before proceeding to the next job.

-]3-
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C. FORTRAN Control Cards

I. FORTRAN expects the first card of the job deck to be an ID

card with the following format:

COLUMN 1 7 11 19

* AAA XXXXXXX YYYYYYYY

°

.

°

AtJPL

AAA

XXXXXXX

YYYYYYYY

is the programmer's initials.

is the program identification number,

is the job charge number

If the execution phase of a job is desired the XEQ card must be.

present. The format of this card is:

COLUMN l 7

* XEQ

FORTRAN expects the last card of the job deck to be an end-of-

file card. This is a blank card except for a 7,8, and 9 punch in

column I.

FORTRAN expects an end-of-tape (ENDTAPE) card after the

end-of-file card of the last job. The format of the end-of-tape

card is :

COLUMN 1 7

* ENDTAPE

To start processing an input tape under the FORTRAN system a

machine operator must use a START card and a DATE card.

format of the DATE card is:

COLUMN l 8 16

* DATE 06/I 5/63

- 14 -
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I
/

. The row-binary ST-AP_T card has the following format:

l HI

I

i
I

I
I

g

_________________________________________________________________________II__I__
I 2 3 4 S 6 T | g 1_111213_41_1_171_2_273_3_37x_414243_47_5_5_HN|_m_7_M_73_475_777_m

z_z222_2_222_2I_2I_222_2_2_2_22_2_2_222222222222_22_II_2I2III2_2222

_44____4__44444444444444444444444444_44_____44444444444444444444444444__44444_4_

555555_5555555555555555_5_55_5_55_5555555_55_555555555555555555_5_55555555

_66_____6__6__6______6__66___________66____66_6__6_6___6666_s_______6___________
!

___________7_'

sssssss_sss_ssss_es_s_eessess_s_nn_se_s_n_oe_es_sss_ees_oss_se_s_s

9|__i_||||i|_9999999999ii99_9999999_99999999999999_9_9999999999i9999|999
I 2 3 4 5 I $ 1_11121314151S17181_21_27__37_41_47_51_57_6_$7M_17273_475_777_7_

I
I

I
I

I

I
I
I

I
I

I
15-



JPL Section Report No. 372-11

I

I
V. FOR_MAT AND DEFINITION OF INFORMATION

ON THE MAGNETIC TAPES

The following list describes the labeled tapes sent to the user.

Information of mode, number of files, and density of the tapes is included.

I

I
Label

JPL-A

JPL-B

JPL-C

De s cription

This tape contains three separate files of BCD

information.

File i: (JPL-A} contains the symbolic cards

for the Trajectory Monitor and the Space

Trajectory Program and all common subroutines.

File 2: (JPL-B} contains the symbolic cards for

the Powered Flight Program, except for those

subroutines which are needed by the monitor

or Space TrajectoPy Program. These sub-

routines are found in the first file (JPL-A}.

I
i
I

I
I

File 3: (JPL-C} contains the symbolic cards

for the program to write the Powered Flight

Program's tables on tape and these tables in

symbolic form. All three files on this tape

were written in high density. The tape is

blocked and can be updated.

I

I
I

JPL-D This tape is mixed BCD and binary mode and is

the input tape from which the trajectory pro-

gram tape (JPL-EI is made. The tape contains

three files written in high-density mode. The

files contain the following:

File I: The Trajectory Monitor and Space

Trajectory Program subroutines used by the

monitor or the Powered Flight Program all in

binary. In addition, the necessary control and

data cards needed are included in the order

required for the entire set of card images to be

a "job" ready for the FORTRAN monitor to

process.

16-
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I

Label

JPL-D (Cont'd)

De sc ription

File 2: The Powered Flight Program and

the necessary cards are included to make this

file a second"job" for the FORTRAN monitor

to process.

I
I

I
I
I

i
I
I

I

I
I

I
I

JPL-E

JPL-F

File 3: The program that writes the Powered

Flight Program's tables onto the trajectory

monitor production tape (JPL-E) in binary mode

followed by the BCD images of the tables them-

selves. In addition, those cards necessary to

make this a third "job" for the FORTRAN moni-

tor.

The trajectory monitor production tape:

This tape was written in high density and is in

binary mode. It contains two files:

File l: Contains theTrajectoryMonitor andthose

subroutines used by either the monitor, the Space

Trajectory Program or the Powered Flight Program.

File Z: Contains the Space Trajectory Program

minus those subroutines found in file l, the

Powered Flight Program, and the Powered

Flight Program's tables. This contains

2 + n records, where the first two records are

the two programs mentioned above and the n

remaining records are the number of records

necessary to house the Powered Flight Pro-

gram's tables, one record per table.

This tape contains the n-body ephemeris. It is

one file written in high density and in binary

mode. For a description of this tape, see the

subroutine writeup ANTR in Appendix B. It

spans the period January iI, 1950, to July 27,

!981.

I

I
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I
Label

JPL-G

JPL-H

Description

This is the standard JPL FORTRAN II version

2 monitor. The tape contains four files. It

was written in high density and is all in the

binary mode. The files contain the following:

File i: FAP Assembly Routine, which is part

of the basic monitor.

File 2: FORTRAN Compiler, also a basic part

of the monitor.

File 3: Library subroutines (none of which are

necessary for the JPL Trajectory Monitor

System).

File 4: General diagnostic programs.

This tape contains the cards for the check cases

in Appendix G, the BCD images of the three-

card loader, and the BCD images of the one-

card loader. There are six files on this tape:

Files i-4: The trajectory check-case cards in

BCD preceded by the three-card loader in

binary.

File 5: The BCD symbolic card images of the

three-card loader ready for assembly.

File 6: The BCD symbolic card images of the

one-card loader ready for assembly. This tape

was written in high density.

-18 -
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VI. SYSTEM GENERATING PROCEDURE

A. JPL's Procedure for Generating the Master Set of Tapes

In this Section, a description is given by stages of how the tapes

described in Section V were generated at JPL. This information should prove

of some value in making use of the system so generated. The stages described

below represent, in general, separate machine passes either on the 1401 or

7090/7094.

STAGE i The symbolic cards for the various subroutines and main

programs were read onto magnetic tapes on the 1401,

making tapes containing the information that Tape JPL-A,

JPL-B, JPL-C contains, and on separate tapes.

STAGE 2 The symbolic tapes obtained from Stage i were used as

input to the FORTRAN system on the 7090/7094 to obtain

as output the blocked and updatable tape, which is tape

JPL-A, JPL-B, JPL-C.

STAGE 3 The FORTRAN system on the 7090/7094 was used with the

JPL-A, JPL-B, JPL-C tape as input, one job at a time,

to obtain binary deck images on magnetic tapes of the

assembled programs and subroutines and listings of these

assemblies.

STAGE 4 The binary decks were punched from the magnetic tapes

produced by Stage 3 and manually arranged in the proper

order to make the tape JPL-D (see Section VII-C).

STAGE 5 The binary deck constructed by hand in Stage 4 was

written onto magnetic tape on the 1401 and produced

JPL-D.

STAGE 6 The tape JPL-D was used as input to the FORTRAN

system on the 7090/7094 to generate the tape JPL-E and

load maps for "the three jobs which are on the tape JPL-D.

The load maps were produced by the BSS loader and listed

on the 1401 from the magnetic tape image.

19-
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I

I
STAGE 7

STAGE 8

The three-card loader and test cases were put onto a

magnetic tape using the 1401 and became an input tape for

the FORTRAN system on the 7090/7094 with the tapes

JPL-E on B8 and JPL-F on A8. The check cases were run

and output listings from magnetic tapes obtained by use of

the 1401.

The assembly listings obtained in Stage 3 were still on

magnetic tape, and a 1401 program was used to make

Stromberg-Carlson 40Z0-type tape which contained the

images of the assembly listings. These Stromberg-

Carlson tapes were run through the Stromberg-Carlson

4020 and microfilm of the listings was produced. (Repro-

duction of the 1401 check case listings appears in Appendix

G).

B. User's Procedure for Transmittin_ the Data from Tapes to Punched

Binary and BCD Cards and Printed Listings

Tape JPL-A, JPL-B, JPL-C contains the image of the symbolic sub-

routines making up the Trajectory Monitor System. These subroutines can be

obtained on symbolic cards by using a 1401 and the JPL 1401 program. (See

Appendix A for a complete explanation of the 1401 program.) By assembling

these subroutines on an IBM 7090/7094, printed listings and column binary

cards can be obtained for every subroutine. To get the printed listings and

binary cards, the following steps must be taken:

i. Mount tapes on an IBM 7090/7094 as follows:

Unit De sc ription

Al JPL-G

A2 JPL-A (then JPL-B, then JPL-C) for

Jobs l, 2, and 3 all on one tape if update procedure used

A3 Output tape for 1401 listing (contains

printed listings and binary punched cards)

A4 Scratch t

BZ Scratch Necessary for JPL FORTRAN

B3 Scratch system when assembling

B4 Scratch

- 20 -
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2. Put sense switch 2 down, all others up on the 7090/7094.

3. Go through the start procedure as explained in Section VII-A, steps

4 and 5.

4. The output tape A3 can be processed on the 1401 using the general

1401 program (see Appendix A). Put sense switches A, D, and E

up on the 1401 and the tape on Unit 3 on the 1401.

5. Tapes JPL-D and JPL-H should be punched on the 1401 usi1_g the

general 1401 program. (Put sense switches A, D and E up on the

1401 and the tapes on Unit 3.) The punched cards from JPL-D

should contain all the binary decks obtained from the assembly of

JPL-A, JPL-B and JPL-C, but with additional control and data

cards. The punched cards from JPL-Hwill be the four test cases.

(Each test case has in front of it the binary deck of the three-card

loader.) Also the symbolic cards for the one- and three-card

loaders will be punched from JPL-H.

6. Tapes JPL-E, JPL-F and JPL-G are binary program and binary

data tapes and are to be used exactly as they are.
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VII. OPERATING PROCEDURE

A. Running the Check Cases Using the Distributed Tapes

Enough information has been supplied so that without any preparation,

the four test cases can be run. In fact, if the user is completely satisfied with

the Trajectory Monitor System, he would have only to learn to input to the pro-

gram, set up the input decks, and run his "production" jobs (see Section VII-D).

To run the test cases, the following steps should be taken, in the order

given:

I. Mount scratch tapes on the 7090/7094 on Units B2, B3, B4, A3 and

A4 and ready the units in high density.

2. Mount tapes JPL-E on B8, JPL-F on A8, JPL-G on Al and JPL-H

on A2 and ready the units in high density.

3. Sense switch 2 down (on); all others up (off).

4. Place the START card and then the DATE card, 9-edge first, face

down, in the on-line card reader.

5. Press"reset"on the console. Hold the"start"button on the on-line

card reader down until the card reader stops reading cards, then

press'_oad cards"on the console.

6. At the beginning of each check case, a program stop will occur at

location 1508 . This is to allow time for the mounting of tapes by

operators before proceeding. If everything is set, press'_tar¢'on the

console.

7. The output will go on scratch tape A3. At the end of the fourth test

case, the on-line card reader will be selected. Put sense switch l

down and press"star_' onthe on-line card reader. A3 will be

rewound and unloaded automatically.

8. Take the tape from A3 and process it as a BCD output tape on the

1401. A 1401 program is included in card form and write-up for it

is in Appendix A. The output listing should be identical to the out-

put listing in Appendix G.

B. A ssemblin_ a Symbolic Subroutine

If the user desires to modify a subroutine, then he must recode or code

in the addition to the symbolic subroutine and reassemble the resulting symbolic

- 22 -
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I deck to obtain a column binary deck which will replace the binary deck in use.

The symbolic deck must be s_bmitted for assembly in the following format:

I
I
I
I

I

I
I
I

I END OF FILE ICARD

(

l_y n-i-Mr R ¢=VMRt31 I t`

UP AS I TO4 BELOW

$(" END i

SYM BOLIC DECK

F SUBROUTINE

(4)

(3)

(2)

(i)

I
I

I

I
I

I
I
I

Fig. I. Format of symbolic deck

The procedure for running the job is as follows:

1. Load the deck onto a scratch tape using the 1401 and the general

1401 program. (Put sense switches A and B up and a tape on Unit Z)

This is the input tape for the 7090/7094.

2. The machine configuration is as follows for tapes on the 7090/7094:

Unit De sc ription

A1 JPL-G

A2 Input tape prepared
in i above

A3 Output tape for processing

on the 1401

A4 Scratch tape

B2 Scratch tape

B3 Scratch tape

B4 Scratch tape

- 2.3 -
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I
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4.

Put sense switch 2 down (on) and all others up (off).

Go through the procedure outlined in Section VII-A, steps 4 and 5.

(This involves the START card and DATE card).

If the assembly is successful, the binary card image will be put on

B4 temporarily and at the end of the job, the FORTRAN system

will transfer these images to the output tape A3 following the BCD

listing of the subroutine. This tape can then be printed and the

cards punched using the ].401 and the 1401 general program to get

the assembly listing and the column binary deck. The first card of

the binary deck will be an identification card (ID-card) and must be

discarded before making use of the binary deck.

C. Inserting the Resulting Binary Cards into the Binary Program Input

Deck and Writing a New Trajectory Monitor System Tape

If the steps given in Section VI-B were performed by the user, then

there ._..11 Iwlll exist a binary aecK of cards (including a few control cards and BCD

data cards) made up of three jobs. The binary deck obtained from the assembly

procedure mentioned in Section VII-B should replace the "old" binary deck of

the same name. Then the entire deck should be put on tape via the 1401.

The 7090/7094 machine configuration is as follows:

Unit De sc ription

AI JPL-G

A2 Input tape continuing

the three jobs

A3 Output tape for 1401

A4 Scratch

B2 Scratch

B3 Scratch

B4 Scratch

B8 Tape to be written which

will contain the "new"

JPL trajectory monitor

system

- 24 -
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Place sense switch 2 down (on) and all others up (off). Use the start

procedure with the START card and DATE card explained in Section VII-A,

steps 4 and 5.

The diagram in Fig. 2, Tables I and 2, and Job 3 Loading Description

show how these three jobs are set up and what the trajectory program tape (B8)

looks like at the end of each job.
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JOB 1

and

JOB 2

JOB 2

JOB 1

and

JOB 2

Restrictions Applying to Tables 1 and 2

a. The last subroutine in the binary monitor subroutines must be

the subroutine MON.

b. This must be followed by the l-word subroutine BBBBB.

c. This must be followed by the first subroutine of the Space

Trajectory Program or Powered Flight Program and this

subroutine must be PUP.

From the preceding discussion, it can be seen that the binary

decks making up the monitor are needed only for purposes of

insuring that BBBBB falls at the same location as it did in JOB i.

Hence, to reduce the size of the binary deck, one can insert only

the program card{sl and subsequent card(s} that have the transfer

vector on them for each of the binary subroutines in the monitor

area of JOB 2except those subroutines used by the main program

TPWRT, i.e., INPI, EXIT, DOUT, (TES}.

Any FAP (symbolic) subroutine that is inserted in the front of the

tray will take precedence over the binary subroutine (in the job} of

the same name, but the subroutine gets loaded in core last, i.e.,

after all other binary subroutines are loaded. Hence any FAP

subroutine in the monitor area must be assembled alone and the

old and new versions of the binary deck must be exchanged.

- 29 -
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JOB 3 Loading Description

This program reads in data to define a set of tables and then writes

these tables as separate records on the monitor tape.

Data are read by INPI and must, therefore, conform to INPI require-

ments. The tables are read in as groups of a given size and in a certain order;

therefore, the data must be assembled in this order for input. The number of

tables for each group is input preceding each group. There are six different

groups, as follows:

I. Agena motors

2. Centaur motors

3. Launch pads

4. Drag polynomials

5. Azimuth tables (Cartesian coordinates)

6. Azimuth tables (polar coordinates)

Each table is preceded by a BCD card with the name (six characters or

less) to be assigned to the table. This name is entered in location 900. The

data for the table then follow the name. All data are entered in the same loca-

tions as outlined on the input sheets for the Powered Flight Trajectory Program.

Following is a breakdown of the required information:

I. A_ena Motor Table

Nineteen (19) numbers are required for each table as follows:

Lo cation Explanation Symbol

913 Thrust F 0

914 Exhaust area F
e

916 Empty weight W e

917 Fuel flow rate
P

919 Diameter d

920 Drag coefficient Cdi

921 Burning time T b

922 Burn guidance GDB

924 Coast guidance GDC

925 Thrust F 0

926 Exhaust area F
e

928 Empty weight W e

- 30 -
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Location Explanation Symbol

929 Fuel flow rate
P

931 Diameter d

932 Drag coefficient Cdi

934 Burn guidance GDB

935 Coast time T
c

936 ........ r._k._oas]_ _tilu_kiice _ v

352 Initial motor = 2.0

Centaur Motor Table

Twenty-nine (29) numbers are required for each table as follows:

Location Explanation Symbol

901 Thrust F 0

902 Exhaust area F
e

904 Empty weight W
• e

905 Fuel flow rate W
P

907 Diameter d

908 Drag coefficient Cdi

909 Burn time T b

910 Burn guidance GDB

912 Coast guidance GDC

913 Thrust F 0

914 Exhaust area F
e

916 Empty weight W
e

917 Fuel flow rate "vV
P

919 Diameter d

920 Drag coefficient Cdi

921 Burn time T b

922 Burn guidance GDB

923 Coast time T
c

924 Coast guidance GDC

925 Thrust F 0

926 Exhaust area F
e

928 Empty weight W
e

929 Fuel flow rate
P

-31 -
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Lo cation Explanation Symbol

931 Diameter d

932 Drag coefficient Cdi

934 Burn guidance GDB

935 Coast time T
c

936 Coast guidance GDC

352 Initial motor = 1.0

Launch Pads

Three (3) numbers are required for each table as follows:

Location Explanation Symbol

355 Initial height h 0

356 Geodetic latitude _#

357 Longitude @

Drag Polynomials

Twenty-four (24) numbers are required for each table as follows:

435

436

437

438

439

440

441

442

443 -446

447 -450

451 -454

455-458

Loc ation Explanation Symbol

Upper-limit first range

Upper-limit second range

Upper-limit third range

Upper-limit fourth range

Third-order coefficient

Second-order coefficient

First-order coefficient

Constant term

Same as 439-442 for second range

Same as 439-442 for third range

Same as 439-442 for fourth range

Same as 439-442 for fifth range

M
1

M 2

M 3

M 4

C 3

C 2

C
1

C o
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° Azimuth Table s (Carte sian coordinate s)

Nineteen (19) numbers are required for each table as follows:

Location Explanation Symbol

354 Initial time tO

358 Launch azimuth o-L

915 Gross weight W
g

918 Fuel weight Wf

9Z7 Gross weight W
g

930 Fuel weight Wf

363 Initial ) Xp ....(tO)
364 Position Y {tO)P

365 Coordinates Z {to)
.P

366 Initial 1 Xp ..(to)
367 Velocity _f (to)

.P

368 Coordinates Z (tO)
P

10 50 Initial time tO

i051 Initial lambda box number

I0 52 Final time tf

i053 Final lambda box number

413 Sense switch 4 = 0

414 Sense switch 5 = l

415 Sense switch 6 = 1

I . Azimuth Tables (polar coordinates)

Twenty-three (23) numbers are required for each table as follows:

I

I
I

I
I
I

Loc ation Explanation Symbol

354 Initial time to

358 Launch azimuth eL

903 Gross weight W
g

906 Fuel weight Wf

915 Gross weight W
g

918 Fuel weight Wf

927 Gross weight W
g

930 Fuel weight Wf

503 Radius R

- 33 -
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Location Explanation Symbol

523 Geocentric latitude

543 Velocity V

563 Pitch angle _{

583 Azimuth angle

603 Longitude @

10 50 Initial time tO

1051 Initial lambda box number

i0 52 Final time tf

1053 Final lambda box number

413 Sense switch 4 = 1

414 Sense switch 5 =0

415 Sense switch 6 = 1

382 Constant CHI X
i

386 Delta CHI _X
1

Limitations

i. n + 6 records will be written on the monitor tape where n is the

number of tables input.

2. An end-of-file is written on the monitor tape following the writing

of the last table.

3. The monitor tape is assumed to be on tape unit B8 and positioned

ready for writing of the tables.

4. Tape density is set to the high-density mode for writing the tables.

D. Setting Up and Running a Trajectory Job

Once a trajectory program tape (to go on B8) is available, then trajec-

tory cases can be run by supplying a trajectory input deck to the FORTRAN

Trajectory Monitor System. The format of every trajectory input deck is

shown in the diagram in Fig. 3.

The running procedure is as follows:

i. Put the input on a scratch tape using a 1401 and the 1401 general

program.
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EOF

-END OF JOB

I TRA 180

/ , \

_ RETURN TO. @ FORTRAN MONITOR

DATA

TRAJECTORY INPUT

TA

TRAJECTORY MONITOR INPUT

I
I

/ I ...... _ "t_o_"t.'_'-r'_°°_I'_'_o_'_"'
/ I THREE-CAROl- MONITORFROMB8

/ I LOADER I

XEO

_O'_ENT

_I.D.

Fig. 3. Format of trajectory input deck
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2. Mount the following tapes on the 7094:

Unit Function or JPL Tape Numbcr

A1 JPL-G

A2 Input tape made in 1 above

A3 Scratch for output to 1401

A4 Scratch

A8 JPL-F

B2 Scratch

B3 Scratch

B4 Scratch

B8 Trajectory Monitor System tape

(JPL-E or a new version made

by the user)

BS_ _Scratch, if necessary
B9 _(function of input)

3. Put sense switch 2 down, all others up.

4. Execute the start procedure with START and DATE cards as

described in Section VII-A, steps 4 and 5.

5. At each 1508 stop, hit "start" on the console after all tapes are

properly mounted.

6. The output will go on A3. At the end of the cases a card reader

select will hang channel A. Put sense switch 1 down and press

"start" on the card reader. This rewinds and unloads A3.

7. Process the output tape A3 using a 1401 and the 1401 general pro-

gram.

E. Operatin_ Outside of the FORTRAN System

It is possible to run a case under the Trajectory Monitor System, but

without the FORTRAN system. This is done at JPL during a mission and pro-

vides for the input to go on-line. The deck setup is shown in Fig. 4. The for-

mat of the one-card loader is given in Appendix C.
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The running procedure is as follows:

i. Mount the tapes as defined below:

Unit Function or JPL Tape Number

3.

.

A3 Scratch for output

A8 JPL-F

B8 JPL-E

•-u_ sense _w±L_n_ 2 and 5 down, all others up.

Put the input deck in the card reader, 9 edge face down, press

"clear" on the console, press "start" on the card reader, press

"load cards" on the console.

The output will go on A3 and the job will stop on a program stop at

location 0. Manually write several end-of-files on A3, rewind and

unload A3, and process the output on the 1401.

TRA 0

0 DEC 0

I TRAJECTORYINPUT

I TRAJECTORY
MONITOR

IN PUT

ONE-CARD ILOADER

Fig. 4. Format of deck setup
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VIII. DESCRIPTION OF THE INPUT QUANTITIES

A. Monitor Input Description

The monitor performs the functions of selecting programs, buffering

input between them, driving them in various manners, printing partials and

error comments and making SAVE tapes. The monitor is told what its functions

will be for a particular run by means of BCD control words and decimal input.

The following is a definition of the monitor control words.

I. Program Control Words

There are four program control words. These control words enable the

monitor to select a program or sequence of programs from the monitor tape

and in some cases they also select an option. All of these control words are

read into decimal location Z30. They are:

POWFLY

TRAJ

EXTEND

VRPNCH

The POWFLY control word causes the Powered Flight Program to be

read into core. The manner in which the program is driven is determined by

other control words.

The TRAJ control word causes the Space Flight Trajectory Program to

be read into core. The manner in which the program is driven is determinedby

other control cards.

The EXTEND control word causes the Powered Flight Program to be

read into core and the monitor to set a flag. Regardless of the manner in which

the program is driven, at the conclusion of the powered flight trajectory, the

Space Flight Trajectory Program is read into core, the terminal conditions of

the Powered Flight Program are loaded into the initial condition buffers of the

Space Flight Program and a space flight trajectory is run. At the end of the

space flight trajectory, the Powered Flight Program is read back into core and

control retui'hed to it.

The VRPNCH control card causes the following option to be set up.

Starting at symbolic location TVAR, up to twenty values of time past injection,

in modified sexagesimal format, may be input. At these times, the values of

the Earth-, Moon-, and Sun-centered positions and velocities of the spacecraft

and the varia-tional partials will be written in binary on tape B9 when a normal
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printout is called for. Another quantity must be input to the program into

symbolic location BCD-00Z to determine the type of output which will be pro-

duced under the VRPNCH option. If

C(BCD- 002)< 0,

C(BCD-002)= +0,

C(BCD-OOZ)> O,

a normal trajectory printout will be produced, with

the above-described output on B9, and no punched

output of the variational equations for the end condi-

tions will be produced.

no trajectory printout will be produced, and no output

will be written on B9, but the variational equations

at the end conditions of the trajectory will be written

for off-line punching.

a normal printout will occur, with normal output on

B9, and the variational equations at the end will be

written for off-line punching.

If no times are supplied for TVAR, an error comment is written on B9, and

the trajectory is computed and outputted as determined by BCD-00Z.

Z. Search Control Words

Location

231 BCD i SEARCH
I0

BCD I N# SEARCH

The SEARCH control word causes the monitor to set up for a search. If

an #B# card is not present, the search will be an NxN search. If an #B# card

is present, it will override the search card.

The N# SEARCH control word merely tells the monitor that it is not to

do an NxN search. If you are not searching there is no need to use this card.

Z31 is assembled as N_ SEARCH.

Location

23310 BeD I N_ _B#

BCD 1 _B_

The #B# control word causes the monitor to set up for a quadratic oneby

one search.

The N# #B# control word merely tells the monitor that it is not to do a

quadratic one by one search.

Z33 is assembled as N# #B#.
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Location

235 BCD 1 CARTESIAN
10

BCD 1 SP_LAR

BCD 1 EP_LAR

BCD 1 SELEN_

BCD 1 ENERGY

The coordinate system control words are used to inform the monitor

what coordinate system the independent variables of the search are expressed

in when doing a search in the Space Flight Program. Very often one will want

to search in a coordinate system that is different from the one in which the

initial conditions are expressed. The monitor is capable of transforming the

injection conditions

f___ {__s_from _SP_LAR _ to SP_LAR

(EP_LAR J EP_LAR )

In doing these transformations the following assumptions are made:

1. The coordinates are expressed in a true of-date system.

2. The reference plane is invariant.

If an attempt is made to transform from SELEN_ to CARTESZAN, an

error comment is printed and the job aborted.

The CARTESIAN code word informs the monitor that the search

coordinate system is inertial Cartesian.

The SP_LAR code word informs the monitor that the search coordinate

system is inertial spherical.

The EP_LAR code word informs the monitor that the search coordinate

system is Earth-fixed spherical.

The SELEN_ code word informs the monitor that the search coordinate

system is Moon-fixed spherical.

The ENERGY code word informs the monitor that the search coordinate

system is energy asymptote.

The nominal condition is CARTESIAN.

Location

232 BCD 1 PARTIALS
10

BCD 1 N_ PARTIALS
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The PARTIALS control word informs the monitor that:

I. A search will be done.

2. The partials used in the searching are to be printed out at

the start of each iteration.

The N_ PARTIALS control word informs the monitor that it is not to

print partials.

The nominal condition is N_ PARTIALS.

Location

._, _RY_
,--_ 710

BCD 1 EVERYT

When the monitor is doing an NxN search, it must be told how often to

compute its matrix of partials. These two control cards perform this function.

The control card F,VERYN tells the monitor to compute partials every

three iterations, provided that I12110 contains a zero.

The control card EVERYT tells the monitor to compute partials every

iteration.

The nominal condition is EVERYN.

The monitor must obtain information concerning what the independent

and dependent variables are and what their addresses are, and how much to

perturb them to get partials if they are independent variables, or what their

convergence tolerance is if they are dependent variables. This information is

obtained in the following manner.

BCD representations of the independent variables are read into location

Z0010 through Z0010 + N-l, whereN is the degree of the search. The BCD

representations of the dependent variables are read into loc ZIZ10 through

ZIZl0 +N-l. The information required may now be obtained by table lookup.

In the monitor there are three tables in one-to-one correspondence with each

other. The first table consists of the BCD names representing the search vari-

ables, both independent and dependent. The second table is a list of the addres-

ses of these variables. The third table consists of floating-point numbers,

which are deltas for the independent variables and convergence criteria for the

dependent variables. (See Appendix Bjsubroutine SRCH.)

For example, if we had only 2 variables V1 and VZ, and their addresses

were L(VI) and L(VZ), then the table would look as follows:

BCD BCDI IV1 The external name of V1

BCDI IV2 The external name of VZ
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ADD)

RH_

DEC 0

PZE L(V1)

PZE L(V2)

DEC N(VI)

DEC N(VZ)

Thus for a large class of search variables, it is sufficient to input only

the BCD names representing the variables and the values desired. If it is

desired to search using variables that are not in the monitor list, it is possible

to input them into the list at execution time by means of Format II input, as

defined in Ref. 3. A complete list of the search variables is contained in

Appendix F.

The following additional decimal input is required when searching.

Location

112110 DEC (number of search iterations)

This control word controls both the number of iterations and the manner

in which partials are computed. When doing an NxN search, the nominal input

is lIZll0 DEC 0. If the EVERYN control card is input or if no location Z3910

control card is present, the monitor will then do a maximum of 9 iterations,

recomputing partials every 3 iterations. If the EVERYT control card is input,

the monitor will do a maximum of 9 iterations, recomputing partials every

iteration. If, when doing an NxN search we input

I121 DEC K

Z39 BCD 1 EVERYN

we will do a maximum of K iterations, computing partials only at the beginning.

If we input
llZl DEC K

239 BCD 1 EVERYT

we will do a maximum of K iterations, recomputing partials every iteration.

When doing an _B_ search, partials are recomputed every iteration; thus we

need not concern ourselves with the 23910 control card.

one must always input the number of iterations desired,

nal case.

The nominal condition is llll
I0

Location

ligZl0 DEC (degree of search)

DEC 0.

For the @B_ search,

since there is no nomi-

- 42 -
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When doing an NxN search, one inputs

11Z2 DEC N

When doing an _B_ search, one must input

1l ZZ DEC Z

The nominal condition of 1122 is zero.
10

The following input is required to obtain extra partial derivatives.

Location

i12010 DEC (number of dependent variables_< 6 to be used in forming

extra partials)

When the monitor is running varied trajectories to obtain partials for

searching, it can also obtain partials of dependent variables not used in the

search, but of interest to the requesting engineer. The input is

ll Z0 DEC M

where M _z=6. The nominal condition for M is zero.

Location

21810 BCD N DVI DVZ...DVM

where the DVi's are BCD names representing the extra partial dependent vari-

ables. These BCD representations must be in the monitor BCD tables. This

option can be used only in conjunction with the extra partials option.

Nominally, 21810 contains zeros.

The remaining monitor control cards are concerned with miscellaneous

monitor functions.

Location

z3_10 BCD i N_ PL_T
BCD 1 PL_T

The PL_T control card informs the monitor that a SAVE tape will be

made on the present case. The monitor initializes the tape-writing routine and

end-files the tape at the end of the case.

The N_ PL_T card acts as a N_I m with respect to plotting.

The nominal setting of 23810 is N_ PL_T.

Location

25010 _CT XXXXXXXXXXXX

When making a SAVE tape, the monitor is capable of writing information

from up to 5 tracking stations on the SAVE tape. This control word selects

what stations will go onto the tape. It is identical in format with the 16810 card
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in the Space Flight Program explained in Ref. 2 but the stations may be

diffe rent.

The nominal condition of 25010 is a zero.

Location

236 i0 BCD 1 F_RDBH

BCD 1 N_RIVIA L

The F_RDBH control card is used in conjunction with the control card

P_WFLY. It causes the monitor to load the space flight initial-conditions buf-

fer with the end conditions of the Powered Flight Program.

The N_RMAL control card acts as a N_P with respect to this function.

The nominal condition is N_RMAL.

I
I
i
I
i

Location

237 BCD l SAVE
i0

BCD 1 N_ SAVE

When the monitor finishes a case, it normally destroys all monitor con-

trol words pertaining to the case.

The SAVE control card instructs the monitor not to destroy the code

words at the end of a case.

The N_ SAVE control card instructs the monitor to destroy code words

at the end of a case.

The nominal condition for 23710 is N_ SAVE.

The input for a case is logically divided into two sections:

i. Monitor input

Z. The input for the program or programs

The monitor input is followed by a TRA 3,4 card. The input to a pro-

gram does have TRA 3,4 cards for logical divisions of input to the program.

Any Format II cards must be input with the input for program(s).

A TRA 4,4 card signifies the end of a logical block {not necessarily a

case) and this must follow a TRA 3,4 card. This allows the monitor, after

detecting certain errors, to file through the input remaining until a TRA 4,4

card or a TR_A 180 card is encountered. If a TR.A 4,4 card is encountered

before a TR_A_ 180 card and additional input exists between, the monitor will

recycle and set up for the next logical block.

The TR_A 180 card, when encountered, returns control to the FORTRAN

Monitor System.
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B. Monitor Input Forms

The following input forms can be key-punched from directly. The

column headings for the card columns are identified at the top of each page.

Not all information need be filled in for a given case.
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PAGE

_RO_,RAM. EGO |8 {POWERED FLIGHI') ONLy
OPT/ON, *

_)I_H 07 (SPACE T'RA_'ECTORIE$) ONLy

¢.OMI_NED EGO 18 -Z)BH 07

VARIATIONAL EQUATIONS PUNCHING

* SPACF-- I:'111111) r.ART[Sl/_N

('O-OltO SVS. *

SPAC.E- I:, Y-¢ 1D POLA1_.

EARl"W- !=1 _[_ I_OLA_t.

SF.. LE MOG.RAPt_ IC

EN E.P.GV AS VM PToTE

klO. OF SF_AII(_H _-omiP I ZTERATiONS
_T£1_ATIb N$ L

_)I[GREF- O1= SlIA_CN

NAHE$: Z/dDKPE[klDE kit -"

VAe 3

VAR4

VAR$

VAR&

_'2.1.1 C.]) . . . . .

]1--:
• .&Z ....

•.;_i_.,. • , _ . .
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C. Space Trajectory Input Description

Since a full description of the quantities necessary for running the Space

Trajectory Program is found in Ref. 2, no explanation is given here for those

quantities. Some additional options are available to the user for the Space

Trajectory Program. These new options are:

I. Public information

Z. Bronstein angles

3. Conic print format

4. Motor burn

5. Earth atmospheric drag

6. Sun radiation pressure

7. Radiometer printout

These additional options are explained in Appendix D.

each of the new options the input required is explained.

follow in Section VIII-D reflect the new options.

Under the explanation of

The input forms that

D. Space Trajectory Input Forms

These forms are self explanatory by reference to the explanation column.

Careful note should be made to use the correct value in location 140 to properly

control the phasing of a case.
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I
E. Powered Flight Input Description

Page one

I. Description

a. Ten ]3CD words are reserved for remarks. The first two words

are for the identification number; the third for the date sub-

rnitted; the fourth for the date the job runs; the fifth for the

mission; and the remainder is given to describe the trajectory

except for the last two letters, which should be the initials of the

engineer.

2. Initial Conditions

a. The identity number is of the form XXXX. XXX and is used only

as a reference.

b. The date the job is submitted is of the form XX. XX, month, day.

c. The initial motor is of the form X. and refers to the first motor

to be used.

3. Launch Site Conditions

a. to, the initial time,is the time at which position and velocity

components are provided for the beginning of the trajectory. The

form is XXX. XXXXX.

b. _L' the launch azimuth of the trajectory, is measured from due

north. The form is XXX. X.

.

°

Pad

a. h 0, the initial height,is the altitude of the launch pad above the

reference ellipsoid.

b. q_0' the geodetic latitude of the launch pad

c. @0' the longitude of the launch pad

Launch Date3

a. The month, in the form XX, of launch

b. The date, in the form XX, of launch

c. The year, which must be written 19XX, of launch

d. t L, time in seconds measured from midnight GMT

3This date maynot be earlier than January I,

limitations.
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.

Optional Start Conditions

a. Velocity value given when initiating a trajectory without defining

position and velocity components on page ii. Sense switches 4

and5 = 0.

b. An initial constant pitch angle for use with the above velocity

Sense Switches

a. For position and velocity components given in Earth-fixed polar

coordinates (R, V, _, @, _, _), insert a i. (SSW No. 4)

b. For position and velocity components given in plumb-line

Cartesian coordinates (Xp, yp, Zp, kp, _rp, Zp)," insert a i.

(SSW No. 5)

c. For input in meters and degrees, insert a i. (SSW No. 6) A zero

implies input in feet and radians.

Pages two and three

i. Motor data

a. F O,

(i)

(z)

b. F e,

(1)

c. Wg,

(1)

(z)

d. W
e

vacuum thrust, Ib

A constant value

Option: If a sixth-degree polynomial is desired for thrust

rather than a constant, space has been provided so that two

motors may have either the same or two separate polynomials.

By inserting a -i the first thrust polynomial table will be

used. A -Z will cause the second polynomial table to be

used.

exhaust area of throat, sq ft

This value is meaningless when the missile has an altitude

of 300, 000 ft or more since atmospheric terms are dropped

above that altitude.

gross weight, ib

A constant value

When it is desired to compute the gross weight from the

previous motor, a value of zero is inserted.

discardable weight, ib
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e. Wp, fuel flow rate, ib/sec
(i) A constant value

(Z) If a sixth-degree polynomial is desired for the flow rate

rather than a constant, space has been provided so that two

motors may have either the same or two separate polynomials.

]By inserting a -i the first thrust polynomial table will be

used. A -Z will cause the second polynomial table to be
used.

f. Wf, fuel weight shutoff, Ib
{l) A fuel weight shutoff is executed when Wf is equal to the

desired weight of fuel to be burned.

(Z) When the option is not desired Wf should be equal to or
greater than the gross weight, Wg

g. D, diameter of the missile, ft

(1) This value is used only in the computation of drag. When the
missile has an altitude of 300, 000 ft or more, this value is

not used.

h. Cdi, drag coefficient
(I) A constant value

{2) When a polynomial is desired the value zero will indicate

that the drag table is to be used.

Motor-burning and coasting periods and guidance modes. The user
is to indicate the desired values for the items with a subscript of one.

The programmer will translate the values necessary and place them

in the subscript two position.

a. Atb, the value of the burning period or the abbreviation for the
shutoff option desired, sec

b. GDB, the symbol for the desired guidance mode. For translation

to a lambda box control number, see List No. 1 at the end of this

Section.

c. At the value of the coasting period, sec
C _

d. GDC, the symbol for the guidance mode, type of search desired,

or termination of trajectory {lambda box 12 or 13). For trans-

lation to a lambda box control number, see List No. 1 at the end

of this Section.
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Page four

I.

.

Thrust polynomial table, ib

a. This table is furnished by the user.

Fuel-flow polynomial table, ib/sec

a. This table is furnished by the user.

Drag coefficient selection table

a. If this table is desired the words "as punched" should be written

across the input area. A set of polynomials for a basic missile

configuration will then be inserted by the key-punch operator.

Page five

The guidance modes described in this Section are subscripted so as to

correspond to the order in which they are desired, CLp(t), ap, and ay(t) excepted.

I. X, constant chi

.

.

.

a. A constant value that chi (CHI) assumes.

b. "CONSTANT CHI -- a" is printed preceding the motor heading.

_X, delta chi

a. A constant which changes the value of chi (CHI) at any time, t.

b. "PITCH UP = +a" or"PITCH DOWN = -a" is printed preceding

the motor heading.

a , constant angle of attack in the pitch plane
P

a. A constant which indirectly causes a change in the total angle of

attack (ALA)

b. "CONSTANT ATTACK ANGLE = a" is printed preceding the

motor heading.

a (t), polynomial for angle of attack in the pitch plane
P

a. A sixth-degree polynomial which indirectly changes the value of

the total angle of attack (ALA)

b. "PITCH ATTACK ANGLE POLY = P0 Pl'''P6" is printed

preceding the motor heading.

pitch control from the horizon

b.

A constant which controls the angle between the vehicle thrust.

axis and the local horizon

,_ON_RO_ FROM HORIZON = -' is printed preceding the motor

heading.
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AT, delta tau

a. .4 constant which changes the value of tau (TAU) at any time, t

b. "YAW RIGHT = +a" or "YAW LEFT = -a" is printed preceding

the motor heading.

a (t), polynomial for angle of attack in the yaw plane
Y

a. A sixth-degree polynomial which indirectly changes the value of

the total angle of attack (ALA)

b. "YAW ATTACK ANGLE POLY = Y0 Yl'''Y6" is printed preced-

ing the motor heading.

Page six

i ,

×p(t

a.

b.

C.

), pitch polynomial

Each polynomial block is numbered corresponding to a specific

motor and will only affect that particular motor.

A sixth-degree polynomial which directly changes the value of

chi (CHI)

"CHI POLY COEFF = c O c I...c6'' is printed preceding the

motor heading.

Page seven

I. T (t), yaw polynomials
Y

a. Each polynomial block is numbered corresponding to a specific

motor and will only affect that particular motor.

b. A sixth-degree polynomial which directly changes the value of

tau (TAU)

c. "TAU POLY COEFF = V 0 V l...V6'' is printed preceding the

motor heading.

Page eight

i. V is the measurable velocity obtained from integrating an equation.
x

It contains the acceleration on the missile axis a . Also added in
x

are the initial velocity along the missile axis and two terms to take

into account accelerometer drifts. For further information on this

option, see Ref. 4, p. ?Z.
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Z.

Page nine

Specific variable shutoff

a. The locations for the shutoff variables can be found in List

No. Z at the end of this Section. These may be used by one or

more motors per trajectory but only for the indicated motor.

b. The values for the shutoff variables will be supplied by the

user. The value is applicable only to the motor indicated.

_A11±b_ .LUJ. u111_ vcu.u.u iXiust be rll_rs, uegrees or p ouna s.

c. Desired results from shutoff option

(i) If a shutoff as well as a search in the powered flight tra-

jectory is desired, insert a -i.

(Z) If no shutoff is desired, insert a 0.

(3) If a shutoff is desired, insert a +i.

i. Specific variable interruption

a. Location of the control variable which is to determine the

interruption (see List No. 3 at the end of this Section).

b. Value of variable at which the interruption is desired. Units

for this value must be meters, degrees or pounds.

c. Number of desired lambda box (see List No. 1 at the end of this

Section).

Z. Pseudo S option. All values are provided by the user.

a. @)0' nominal right ascension

b. _0' nominal declination

c. A, B, D, E, parameters for the correcting equations

d. Tis, nominal time of injection

3. Earth potential function

All values are provided by the user.

a. GME, universal gravitational constant

b. RE, Earth equatorial radius

c. D, H, J, parameters in the potential equations
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Page ten

• Time stops, for programmer only

a. To keep the program from "running away" in the event of an

error, insert a time which is greater than the total of the initial

time tO , plus all burning and coasting times tb and tc. Couple

this time with lambda box control No. 13. If no special printout

is desired, this need be the only time stop.

b. If stations, conics, or other optional prints are desired, the

time at which they are to start is coupled with the corresponding

lambda control number.

c. Time stops must be listed chronologically, from tO .

I
I

I
I

I
Page eleven

i. Earth-fixed polar coordinates

a. Single value table

(1) _Ls' the launch azimuth of the trajectory which is measured

from due north

(2) _Lf' set to 0 in program

(3) A0-, set to 0 in program

(4) R, distance from the center of the Earth to the probe

(5) _, geocentric latitude of probe

(6) V, velocity of probe

(7) _, path pitch angle of probe

(8) _, path azimuth angle of probe

(9) @, longitude of probe

b. Multiple value table. Should coordinates be required for an

azimuth other than those available, a table may be formed and

the machine will interpolate for the desired azimuth. Space has

been provided for as many as twenty sets of coordinates. This

table is to be listedin single columns on columnar paper. Starttwo

columns from theleft (see Section VII-Job 3 Loading Description).

(1) _Ls' the smallest launch azimuth value

(2) _Lf' the largest launch azimuth value

(3) _, the decrement between azimuths, which must be a

constant
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(4)

C5)

C6)

Cv) _,

(s) o-,

(9) o,

lO) t,

R, start with the radius value corresponding to the smallest

azimuth, 0-Ls, and list as the azimuth value increases.

d_, latitude; list as in (4).

V, velocity; list as in (4).

pitch angle; list as in (4).

path azimuth angle; list as in (4).

l_ngitude; list _s in (4).

time for which the coordinates are listed. Starting in

location 623, list as in (4).

c. Cartesian coordinates for the plumb-line system. Space has

been provided for six sets of coordinates so that a basic case

may be perturbed or a number of cases, for the same azimuth

and day, may be run with the least amount of input necessary.

d. A TRA 3, 4 card indicates the end of data for a given case.

Multiple cases may be run as long as a TRA 3, 4 card followed by

a TRA 4, 4 card is inserted following each case.

e. Control is transferred back to the monitor by a TRA 180 card

being placed behind the last TRA 4, 4 card.

For additional information about the input required for the Powered

Flight Program, see Ref. 4.
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LIST NO. 1

LAMRDA 1

LAMBDA 2

LAMBDA 3

LAMBDA 4

LAMBDA 5

LAMBDA 6

LAMBDA 7

LAMRDA 8

LAMBDA 9

LAMBDA 10

LAMBDA 11

LAMBDA 12

LAMBDA 13

LAMBDA 14

LAMBDA 15

LAMBDA 16

LAMBDA 17

LAMBDA 18

LAMBDA 19

LAMRDA 20

LAMRDA 21

LAMRDA 22
LAMBDA 23

LAMBDA 24
LAMBDA 25

LAMBDA 26

LAMBDA 27
LAMBDA 28

LAMBDA 29

LAMBDA 30

LAMBDA 31

LAMBDA 32
LAMBDA 33

LAMRDA 34

LAMBDA 35
LAMBDA 36

LAMBDA 37

LAMBDA 38
LAMBDA 39

LAMRDA 40

LAMBDA 41

LAMBDA 42

LAMBDA BOXES EGO 18 UNDER MONITOR

SET DELTA T = i SEC,

SET DELTA T = 2 SECo

SET DELTA T = 10 SEC.

SET DELTA T = 50 SEC,

SET PRINT INTERVAL = 0,5 5EC.

SET PRINT INTERVAL = 1.0 SFC°

SET PRINT INTERVAL = 2.h 5FC.

SET PRINT INTERVAL = 10.n SEC.

SET PRINT INTERVAL = ]Oh,h SFC.

NO REGULAR _RINT OUT

UNCONDITIONAL PRINT OUT

PRINT OUT AND RETURN TO FAP SYSTEM

PRINT OUTt RESET, RESTART

ALPHA SUB P, CONSTANT ATTACK ANGLE

ALPHA SUB P (T), PITCH ATTACK ANGLE POLYNOMIAL

ZERO LIFT

GRAVITY TURN

VERTICAL FLIGHT

CHI BAR, CONSTANT CHI

CHI9 CHI POLYNOMIAL COEFFICIFNT<

DELTA CHI, PITCH UP OR _OWN

TAU = 0

SIN TAU = V_L 3

TAU, TAU POLYNOMIAL COEFFICIENTS

DELTA TAU, YAW RIGHT OR LEFT

ALPHA SU5 Y (T), YAW. ATTACK ANGLE POLYNOMIAL

FORM A + BT = ATTACK ANGLE

SET NEXT STAGE

SET COAST

TRANSFER TO N-BODY

AVAILABL=

AVAILABLE

PRINT CONIC

PRINT CONIC WITH PRINT

START STATION PRINT

STOP STATION PRINTS

END SEARCH IN POWERED FLIGHT

MUt REFERENCE C VECTOR TO R VECTOR

RETURN TO FAP SYSTEM

AVAILABLE

SPECIAL PRINT INTERVAL IN LOC 416

AVAILABLE
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EGO lB

EGO 18

EGO 18

FGO ]8

EGO 18

EGO 18

EGO 18

FGO 18

FGO ]8

FGO 18

EGO ]8
EGO ]8

EGO 18

EGO 18

EGO 18

EGO 18

EGO 18

EGO 18

EGO 18

F_O 18

FGO 18
EGO ]8

EGO ]8

FGO ]8
EGO 18

EGO 18

EGO 18

FGO ]8

EGO ]8

FGO ]8

EGO 18

_GO 18
EGO 18

EGO 18

FGO 18

EGO ]8

EGO 18

EGO 18

EGO 18

FGO 18

FGO I8

FGO ]8
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LIST NO, 2 SPECIFIC VARIABLE SHUTOFF EGO 18 UNDER MONIT'OR

LOC SYM

75661 VR,

76140 ENERGY,

75760 SPEED,

EXPLANATION

EARTH FIXED VELOCITY (METERS PER SECOND)

TWICE THE ENERGY PER UNIT MASS (MFTERS SQ, PER SEC° SO°)

INERTIAL VELOCITY (MFTFRS PER _FCOND)

LIST NO, 3 VARIABLE INTERRUPT OPTION EGO-18 UNDER MONITOR

LOC SYM
75644 HITE

75654 DRAG,

75751 ALPHA,

75754 RADIS,

75761 GAMMA,

75764 SIGMA,

75776 PHI,

76_06 THETA,

76011 CHI,

76014 TAU,

76102 SIGMA,

76141 MMNTM,

76474 NEWDC,
76475 NEWRA,

75645 MACH,

EXPLANATION

ALTITUDE OF PROBE A_OVF EARTH (METERS)

DRAG VALUE (POUNDS)

TOTAL ANGLE OF ATTACK (PEGREES)

DISTANCE FROM PROBE TO CENTER OF FARTH (MFTFRS)

INERTIAL PATH ANGLF (PFGRFFS)

EARTH FIXED PATH AZIMIITH ANGLF (DFGRFFS)

ANGLE BETWEEN EARTH CENTER-ORIGIN AND PROBE (DEGREES)

EARTH FIXED PATH ANGLF (DFGREFS)
INERTIAL VEHICLF PITCH ANGLE (DFGRFES)

INERTIAL VEHICLE YAW ANGLE (DFGREFS)
INERTIAL PATH AZIMtJTH ANGLF (DFGRFFS)

MOMENTUM (METERS SO, PER SECOND)

VEHICLE DECLINATION (DEGREES)

VEHICLE RIGHT ASCENSION (_EGREFS)

MACH NUMBER (DIMENSIONLFSS)
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F. Powered Flight Input Forms

The following input forms can be used as a check list, and can be key-

punched from directly. The bold letters are keyed to the descriptions given in

the preceding Section ]E.
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CH. NO.

I
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I
I
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I
I

I
I

I
I

I
I
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INITIAL CON'DITIONS:

-;-._
, 3 5 2y l_g+CL+tL_+¢__
LAUNCH 5LTE. CONI)ITIO N 5:

_oc _7-_-7-i
...... ++++ +p..... _lm_

"P_'D =

.5.q.O_ _.E.C " __

.3.q.I _.E.c

._.q.2.. "]).E.C .

OPTIONAL START C_ON_DITIO N S.+

SENSI: ¢jWlTCHES

LOC .
- • • I

f. ,,.,0o.ul _M,w

EXPLANATION

_ "z,'_. nO.
_)AT E.

"_NITIAL MOTO'R I'_ _,L I)2._ .... pro

N,'rIAL _ELr.;H'T

_____GEO])ETIC LATI Tu ])F_.

_ LONGJTUI_.

_ MONTI._

.__.__J. TIdE FROM MII)NIG-14T

VELOCITY' AT

0 _ NOT 1)OLAf. ¢oo1_). I =_, "POLAR O_o_.)
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k,,.POL.YNI, M ,"MA¢.# Nll.

f# I?ATI BUI_WING/¢OA$1" TIMI (tic,

AND ¢rUIOANCE MODE OESIRF.0

DURING .rilES TIME,

It. lll@.J¢II II ill _

C._NIfD ,v ,riM,,s','oi:>s.

_¢:_!tO _ COAIITIN_ " Pf_lOO ,I_E:CS.

• lid ,=i> IA'E,.I- co_s"r I:,._R!oo. AT END

OF COAST COMPUTES TRA,T..

; OF EIECTGO VGHICLt:

t'--.-O ==IP ENI:) OF POi_JERED PORTION
ll

OF EItTENC)E0 SEARCH

_;])¢' SAME AS G:Ol_ BuT pO_t COAST

_O,,o-mE-- 9
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,]l'lrlf". 'PIIIo p_/g_ I ¢ I_ - kAkRATOILI

I

I
41gt _ tR6d AW|UUll

I_a,A'DI*J_, ,CALa r-_e._ oA

MOTOR DATA OPTIONS:

P_ Four

THRUST POLYNOMIAL

F, + -i r.ood{

ILOC _ t 9.P.. • . :8

J. I .o D.E.Cl

.__.l .a D.e._k
I._.-;.z D._,c
_._.,._ o._._i

. ° • I

i

.s.,.÷ D.E.CI
[.3 i.s[ O.E.er_
1.3.1._,: D.E.C I'

W EI C,14T FLOW POLYNOMIAL

LLT)p : -I C.OOE

oP'LOC. • , 7 _ ,,!,

• 3.3.0 D.E.C r

1.3._._ _,,E._'k
I .3._._. D,E.C

.3.3.3 D.E.C '

l&

rt_

i

.s.3.4

.3.3,5

.3.3._!
DRAG

I .4,s.s1.4.3.t,

f.4.:_.8

.4.s.q1.4.4.o

1.4.4.0

If.+.+.z

.4.4.3

1.4.4.,
1.4.4.s
_.4.4._

.P. N | _. I¢ m.lUg6a4

D,E .C

O.=._'\
D.E.C !

COEFFICIENT

OF'.,,, ,,

D.E.C

D E._C"

D.E,C

D.E.C

e o

D,E .C

D,E ._'

D,E ,C

D.E,C

D.E.C

D.F.-._"

D,E.C

D.E.C

SELECTION

F

msl

m+!

Loc i .°_.
• . "Jr . !. 0_

,3. I ,7 D,E.C:

1

:.5.1,8 D .E._'

:.3. i.q D.E.C

._._._ _._.c '

, .3.Z.2 D.E .C"'_,I1.3.2.3 D.E.C

i

C.._ .4.5.1 D.E .C

C,, ,4.5.L O. E;TC

C, .4.5.3 D.E .C

C..4,5.4 D.E .C

I i I I

"i"

-C,+ .4..5.5 D.E .C.

_, .4,s.c, D,_:.-'C'
C, .4.S,'7 D._'.C.
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IX. DESCRIPTION OF THE OUTPUT VARIABLES

Monitor Output Description

The monitor output can be divided into five classes:

I .

2.

3.

4.

5.

The

i.

.

.

,

.

°

Error comments

Search partials

Extra partials

Monitor control word output

End-of- batch output

error comments are printed under the following conditions:

No program specified

Comment: "Job aborted because _A was input as zero."

Error reading input cards

Comment: "Job aborted due to INP1 error return."

Divergence of an N x N search

Comment: "Job aborted because search failed to converge. "

Error in search BCD or decimal input

Comment: "Job aborted due to BCD input error. "

Divergence of quadratic one by one search

Comment: "This job aborted due to divergence of eBb."

Failure of tape or tape unit when making a SAVE tape

Comment: "Job aborted because of redundancies in store routine."

Failure of tape or tape unit when attempting to read a program into

core from the monitor tape.

a. First time

Comment: "Job trouble due to bad tape unit B8. Change units

and hit start. "

I

I
I
!
!
I

I
I

I
I

I

I

,

b. Permanent failure

Comment: "Job aborted due to tape trouble."

Not inputting time values when using VRPNCH option

Comment: "Variational equation tape-write flagged, no time

I
I
I

value s input. "
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I
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9. Misspelled BCD control word

Comment: "Job aborted due to BCD input error."

I0. Tape on B8 not the tape specified

Comment: "XXXX is on ]BS. Please mount XXXX on B8 and do

restart. To ignore, push 'start'."

The search partials are printed on request prior to each search itera-

tion. For example, assume that we are doing a 3 x 3 search with independent

variables X, Y, Z and dependent variables B'T, B'R, and T(F). The output

would be the following:

B- T/X ±. XXXXXXXXE±XX B" T/Y +. XXXXXXXXE±XX B. T/Z ±.XXXXXXXXE_XX

B" R/X ±. XXXXXXXXE+XX B" R/Y • .XXXXXXXXE+XX B'R/Z ±.XXXXXXXXE+XX

T(F)/X +. XXXXXXXXE+XX T(F)/Y ±. XXXXXXXXE+XX T(F)/Z +. XXXXXXXXEeXX

DELTA X ±.XXXXXXXXE+XX DELTA Y *.XXXXXXXXE+XX DELTA Z +.XXXXXXXXE+XX

B'T B.R/X +.XXXXXXXXE+XX B-T B.I%/Y ±.XXXXXXXXE+XX B.T B'R/Z +.XXXXXXXXE+XX

where the first three rows are the partials used in the search. The row of

deltas is the set of increments added to the independent variables for this

search iteration. The row B'T B.R/X, B'T B.I%/Y, B.T B.R/Z is an approxi-

mation to aB/aX, aB/0Y, aB/aZ. If, on the other hand, we were doing a

quadratic 1 x 1 search with independent variable TMLNCH and dependent

variables B'T and B.R, our output would look as follows:

B" T/TMLNCH ±. XXXXXXXXE ±XX B" R/TMLNCH ±. XXXXXXXXE ± XX

B" T B'R/TMLNCH ±.XXXXXXXXE±XX DELTA TMLNCH ±.XXXXXXXXE±XX

If, on the previous N x N search, we were computing two extra partials with

V(H) and SELAT as dependent variables, we would have the following

additional output:
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I
V(H)/X +. XXXXXXXXE :£XX SELAT/X

V(H)/Y ±. XXXXXXXXE +XX SELAT/Y

V (H)/Z +. XXXXXXXXE ±XX SELAT/Z

±.XXXXXXXXE±XX

±.XXXXXXXXE±XX

±.XXXXXXXXE±XX

The monitor control word input is printed at the end of each case. It

consists of all BCD monitor control words used in defining the case. If the

case was a search, the decimal values desired are also printed. If SAVE tape

was made, the number of words per record and file number are printed. This

page is headed by the Space Flight Trajectory and/or the Powered Flight BCD

header. This is followed by the time on and off of the case.

The end-of-batch output is triggered by the TRA 180 control card. The

monitor backspaces the input tape and prints all of the monitor and program

input that generated this batch. The input tape is then positioned so that the

next job can be run correctly and control is returned to the FORTRAN Monitor.

B. Space Trajectory Output Description

The following IBM listing describes in detail the various quantities

printed out by the Space Trajectory Program. The list is divided into sections

which correspond to the various possible output blocks.
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C. Powered Flisht Output Description

The following printout is being used by the IBM 7094 version of the

Powered Flight Trajectory Program.

POWERED FLIGHT TRAJECTORY

IDENT

LAUNCH CONDITIONS

LAZ LAT GED LON

DATE

RAD

I
I
I
I

LAUNCH DATE JDT GHA TL

MTR FRC FE WG WPD DIA

BRN CST

TIM A CX INA DDX DDY DDZ

XP YP ZP DXP DYP DZP

R LAT LON VE PTE AZE

ALT RNG ARC V PTH AZ

GED F DRG N CHI TAU

XM YM ZM DXM DYM DZM

XDD YDD ZDD ALA W PAY

X Y Z DX DY DZ

DT DTP DW C3 MCH BTM

CTM

An explanation of the symbols follows:

Under "LAUNCH CONDITIONS"

ROW i

LAZ -

LAT -

GED -

LON -

RAD-

ROW Z

LAUNCH DATE -

JDT -

GHA -

TL -

the launch azimuth

the launcher geocentric latitude

the launcher geodetic latitude

the launcher longitude

the Earth-centered launcher radius

Gregorian calendar date

the Julian date on midnight of the launch day, days

the launch day Greenwich hour angle

the launch time in seconds from midnight of the

launch day, GMT

- I00 -
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Next is a two-line group giving initial weight and propulsion data.

ROW 1

MTR -

FRC -

FE-

WG-

]&TD T'_ _
vv.i. ,L./

DIA -

motor number

the vacuum thrust in lb

the exit area in sq ft

the initial gross weight in lb

¢ilc IJJ. VI.2_.kI. GLIIL .I.J-UW .LCLL(E_ Ill ik)/ b_

the missile diameter in ft

ROW 2

I

I
I
I
I

I
I

I

BRN

CST

Next

ROW 1

TIM -

ACX -

INA -

DDX -

DDY -

DDZ -

- the stage burning time in sec

- the coast interval following the stage in sec

is the main body of the printout.

}

time from launch in sec

measurable axial acceleration in m/sec 2

integral of ACX

total accelerations in plumb-line coordinates

ROW Z

XP-

YP-

ZP-

DXP -

DYP -

DZP -

I inertial plumb-line position coordinates

t inertial plumb-line velocity components

I
I

I
I

ROW 3

e

L_AT -

LON -

VE -

PTE -

AZE -

missiles Earth- centered radius

geocentric latitude

longitude

Earth-fixed speed

Earth-fixed path angle

Earth-fixed azimuth angle

I
- I01 -
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ROW 4

ALT -

RNG-

ARC -

V

PTH -

AZ

ROW 5

GED -

F -

DRG -

N

CHI

TAU -

ROW 6

XM -

YM -

ZM -

DXM -

DYM -

DZM -

KOW 7

XDD -

YDD -

ZDD -

ALA -

W -

PAY -

ROW 8

X

Y

Z

DX

DY

DZ

the altitude

the ground range

angle between launch pad, Earth center and vehicle

the inertial speed

the inertial path angle

the inertial azimuth angle

the geodetic latitude

the thrust in ib

the axial drag in ib

the normal force in ib

the pitch thrust attitude angle

the yaw thrust attitude angle

the inertial plumb-line components of

the measurable position

the inertial plumb-line components of the

measurable velocity

the inertial plumb-line components of the

measurable acceleration

the angle of attack

the missile weight in Ib

the payload weight in Ib

true of-date Earth equatorial,

position coordinates

true of-date Earth equatorial,

velocity components

vernal equinox

vernal equinox

I
I
I
I
i

I
I

I
I

I
I

I
I
I

I
I
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ROW 9

DT -

DTP -

DW

C3 -

_MCH -

BTM -_

CTM -]

the integration interval in sec

modified integration interval

the fuel flow rate

the vis viva integral, or twice the total energy per

unit ma ss

MACH number

total fburnltime of current stage at this time
f

tcoastJ
Units are kilometers, seconds, degrees,, and pounds unless otherwise

specified.
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APPENDIX A. 1401 WRITE- UPS

1. 1401 General Program User's Guide

System

Jan 1401 V2 Multipurpose Program

Tape Assignment

Unit 2 ...... V 2

Unit 3 ...... V 3

Unit 3 ...... V 3

Console Setting

I/O Switch Down

S.S. A ...... on

S.S.

S.S.

S.S

S.S

S.S

S.S

S.S

S.S

S.S

S.S

S.S

Load

•Card to Tape

•Print and Binary Punch Tape

•BCD Punch Tape

B ...... on

C ...... on

D ...... on

C,D .... on

D,E .... on

C ...... on

E ...... on

for Last Card

for Card-to-Tape

for Print only

for Binary Punch only

for Print and Binary Punch

for BCD Punch only

with the following

for Single Space

F ...... on for Double Space

E,F .... off for Program Control

E,F .... on for File Skip (V3 only)

G ...... on for Interrupt

Place Jan 1401 V2 Multipurpose Program deck in reader. Depress

"check reset" on reader, "check reset" and "start reset" on console.

Then hit "load" on reader; cards will begin to load. When reader light

comes on hit "start" to feed the two (2) remaining cards in the reader.

Program will loop until the sense switches for the desired operations(s)

are set.-

Program Stops and Pauses

1044 ....... End-of-file Skip Routine, V3

To skip another file hit "start".

To change operation(s) set sense switch(es) and hit

" start".

- 104 -
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1104 ....... Tape Error (Print), V3:

Tried four (4) times to read tape and failed.

To skip this record(s) hit "start" and program will

continue.

1213 ....... End of Job (Print), V3:

To continue, reset sense switch(es) or tape unit(s) if

1228 ....... Print Error:

To continue hit " start".

1698 ....... Last CardStop (Card-to-Tape), V2:

To continue reset sense switch(es) or tape unit(s) if

necessary and hit "start".

1765 ....... End of Reel (Card-to-Tape), VZ. To continue reset

sense switch(es) or tape units(s) if necessary and hit

" start".

1780 ....... Reader Error:

See 1401 Programming Manual for restart procedure.

Hit "start" to return to program.

3287 ....... Tape Error (Punch), V3:

Tried four (4) times to read tape and failed.

To skip this record hit " start" and program will

continue.

3326 ....... End of Job (Punch), V3:

Two EOF's have been found.

To continue reset sense switch(es) or tape unit(s) if

necessary and hit "start".

3361 ....... Punch Error:

Tried four (4) times to punch correctly. Bad cards in

normal punch pocket.

To skip this card hit " start" and program will continue.

3369 ....... Interrupt.

Hit "start" to continue.

Restart Procedure

Set mode switch to "alter". Set manual address switches to 0600. Hit

"start reset", "I Add. Reg." key-light, and "start" in that order. Set

mode switch to "run" and then hit "start".

105 -
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Notes

Remarks:

I. None of the above program stops and pauses produce connnents on

the printer.

Z. The combined operation of Card-to-Tape and Tape-to-Card is not

allow ed.

3. Interrupting should be accomplished by using sense switch G on.

The "stop" key should not be used.

Instructions for Use of the 1401 Blocked-Tape Program

i. Place the program deck, face down, 9-edge first, in the card

reading hopper on the 140Z card-reader.

Z. Mount the tape to be processed on a tape unit and dial the unit to

'lone .'1

3. Set mode switch to "N", and set desired sense switches.

4. Push "load" button on the 1402.

5. When loading expires, push "start" button.

6. Sense switch settings:

A: up for last card;

down for no last card.

B: up to print cards;

down to suppress printing.

C: up to punch cards;

down to suppress punching.

D: up for file skip;

down for no file skip.

E: not used.

F: not used.

G: not used.

i. Sense switch.A should always be up.

2. If sense switch D is up, it has precedence over any setting of the

other switches.

3. When a file mark is encountered during a spacing, printing, or

punching operation, the program will stop at location 413. To con-

tinue processing, set the sense switches to the desired configura-

tion and press the "start" key.
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4. To interrupt the program, depress the "stop" key. Operation will

be resumed when the " start" key is depressed.

5. There is only on_____estop to the program (location 413) and that occurs

when an end-of-file mark is encountered. Any other stop is not

programmed and is abnormal. Should one occur, the program may

be re-origined at location 333 and the "start" key depressed.

6. If a bad spot on the tape is encountered, the program will -_-.ake at

most nine attempts to reread that particular record. Should

redundancy porkier, tho t_,,_ ,,Hll t-I_-, h= 4_+ ..... +=A _S ;_
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APPENDIX B. SUBROUTINE WRITE-UPS

1. LOOP

Identification

LOOP: View Period, Station Print Subroutine

Purpose

To make calculations for view periods and station prints for designated

stations, and to print the results of these calculations in a long, complete

format; or to produce abbreviated printout or punchout at the user's option.

Restrictions

POL and SPS are not computed correctly unless theGvector is pointing

toward the Sun from the probe.

I

I

!

I

I

I

I
Method

Let the space-fixed geocentric Cartesian coordinates of the probe

referenced to the true equator and equinox of date be given as (X, Y, Z), and

the corresponding velocity vector as (X, Y, Z). For a station with coordinates

(ri, qbi, @i) the program computes the topocentric quantities to be described

herein.

Sketch l illustrates the basic coordinate systems:

I

I

I

x

X

Z

rI = (x/, Yi, zi)

_o,_,. ,II
"4

Sketch B-I. Earth - fixed station coordinates
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T (T)is the right ascension of the Greenwich meridian at epoch T. r. is the
i

distance from the geocenter to the station, _bi is the geocentric north latitude,

and @. is the east longitude.
1

The subroutine LOOP, in its arithmetic calculations, first sets up the

matrix shown below:

cos ,_ _T_ in ._ v,_, s (T) n

-sin T (T) cos T (T) 0

0 0 i

This matrix is stored in locations SIMLAR + 40, through SIMLAR + 48,

where T (T) is the right ascension of the Greenwich meridian at epoch T. The

Earth-fixed Cartesian coordinates of the probe (x, y, z) are found below:

X

Y

Z

cos T (T) sin T (T)

sin T (T) cos • (T)

0 0 I

0 _X

0 Y

Z

(X, Y, Z) are the geocentric space-fixed Cartesian coordinates of the probe

and are located in locations CAPX, CAPY, and CAPZ, respectively. From

the above matrix multiplication:

x = X cos T (T) + Y sin T (T)

y = -X sinT(T) + Y cos T (T)

z = Z

- i09 -
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The corresponding Earth-fixed velocity components (x, y, z) are

computed by the following operations:

p

X

Y

Z

cos T (T)

= -sin T (T)

0

sin T (T)

cos T (T) 0

0

0 1

coX+ Y

Z

resulting in

x : X cos T (T) + Y sin 9° (T) + [coY cos T (T) - 0oN sin T (T)]
L .J

= X cos T (T) + Y sin T (T) + a_/

y :-Y sin T (T) + X cos T (T) + [coY sin T (T) + coX cos T (T)]

= -Y sin T (T) + X cos T (T) - cox

z =Z

where _0 is the rotation rate of the Earth• The coordinates are stored in X)

thru X) + 2. The velocities are stored in X). thru X). + 2.

The Earth-fixed Cartesian coordinates of the station are

x = r. cos_ cos0.
i : i i

Yi = r i cos qbi sin @.i

z. = r sinqb
: i i

- II0 -
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The storage is arranged as follows:

SIMLAR + 3 qbi

SIMLAR + 4 0.
i

SIMLAR + 5 r.
i

SIMLAR + ii sinqb i

SIMLAR + ig cosgb i

SIMLAR + 13 sin@.
i

SIMLAR + 14 cos@.
I

where the sines and cosines of _i and @. are computed in LOOP.i

The values of (x i, Yi' zi) are placed in SIMLAR + 18----> x.
1

+ 19----> Yi

+ Z0 ----> z.
1

The topocentric coordinates of the probe are (Xip, Yip' Zip) where

x. = X x.---> SIMLAR + 15
ip i

Yip = Y yi---> SIMLAR + 16

z. = Z z.----> SIMLAR + 17
ip i

The magnitude of the radius vector r. is found by
ip

J Z Z= Z + Yip + Ziprip Xip

and is stored in RAD.

The slant range is stored in ROT and computed by the following:

r. = xipX + yipY + ZiPZ

Ip ITipl

111 -



JPL Section Report No. 372-11
I

Next the probe right ascension is calculated in the following manner:

X

P

Yp

Z

P

cos _r (T)

= sin T (T)

0

q

-sin T (T) 0

cos T (T) 0

0 1

X.

lp

Yip

Z.

ip

and (Xp, yp, Zp) are stored in NSTRA through NSTRA + 2, and the 3 x 3

matrix is in SIMLAR + 40 through SIMLAR + 48. Then the probe right

ascension, PRA, is computed as follows and stored in location PRA:

PRA = tan-I(¢YP_

\x/
0 ° < PRA _< 360 °

The time from injection in hours is then computed and stored in UT.

Calculation of space loss follows where the computed value is stored in SLOSS,

and is arrived at as follows, where KI, K 2 and K 3 are input constants:

SLOSS = K 2 l°gl0r'l + K2 l°gl0K3 + K1

The computation of rip ,

follows:

L-sin T (T)

o°

the slant-range acceleration is accomplished as

cos T (T

+ 20_ _ coP.

\

"" (x ....where r = , y, z)

Now to find [_iD the following equation is used:

• __ -- -- --

l_11_l:rr _r rp p ip ip ip

- I12-
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i Then differentiating

I o_ Ir*JIr*j+Lr*t_:%'_'+%'_*'

I ,_, ,_o._,+!_-I_-l%1_

I r _ss l'_Pl- J_*/

I I pl.
I The topocentric h_ur-a ngle declination sy,;te_

I aBn-dZ raontdtBd3thrlong_itsh_YaS_l_ te_esX tha_ xPtalniehaa_lo_

I remaining parallel to the z axis. z z'

,!
I _ \_\

The topocentric hour-angle declination system is described in Sketches

y plane has been translated to the station

lies along the meridian, the z' axis

I
I
I

I
I

I

Sketch B-Z. Rotation to station meridian
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s

Z

I

I

Y'_J_' i

rlp

Sketch B-3. Local hour angle-declination coordinate system

The azimuth-elevation topocentric coordinate system is constructed by

rotating the x' and y' axes about the y' axis, causing the resultant x" - y"

plane to be perpendicular to r., with the z" axis pointing to the zenith. This
i

system is illustrated in Sketches B-4 and B-5.

Z'

Sketch B-4.

I

I

I

I

I

I

_oo_+, I
IX l0

Rotation to station latitude

IZ _e

! y,T_L.--"r

x,, ! ,,-- \
I,i _,,,

Sketch B-5. Azimuth-elevation coordinate system

The elevation angle and its sine and cosine are found as below:

r r.

_ i Ip

F41%i
-90°--< Yi f-'90°

- 114-
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This expands to

sin Yi =
x.x. + yiYip + z.z.1 ip I ip

The angle Yi and the cosine are then found. These quantities are stored

as follows:

Yi ----> ELEV

sin Yi ---->SIMLAR + Z3

cos Yi --->SIMLAR + 24

The elevation rate Yi is stored in location ELEVD and is computed as

shown below:

_i =

Ir--_lI_Plcos_i

The local hour angle a. is computed as follows and stored in HA:
i

when

O_.1 : 0.1 - tan-I(yip/xip)

tan-l(Yip/Xip) > 0

when

a. = 0. - tan + 360 ° ,
i i ip

tan- I(Yip/Xip) <0

0°_< ai<__ 360 °
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The local hour angle rate _. is found as shown below and stored in location

I

HART:

-XipY + Yip x
(I. z

z 2 2

Xip + Yip

In order to determine whether the probe is in view of a given station,

the hour angle _iis used to form a function which will be evaluated to determine

visibility.

The functions _' and _" have the properties:

+180___ _' -/--180 ° -85 °__- a"__ + 95 °

where Sketch B-6 illustrates the functions:

X I

a = 0 °

a' : 0 °

a" = 95 °

a' ---50 ° / __

a" = 4,5 °

°,'- 2;'0° I
a - 90 ° _ !
a" = 5 ° ¥' _ _ ./ a" =

\
\

\
%

÷-"_ --. ..- I _ STATION

I
I

!

a = 50 °
a" = 45 °

a : 90 °
I

a : 90 °
5 °

Sketch B-6. Determination of visibility of probe from an

hour angle-declination station

When the station is an azimuth-elevation type, the above relationships are

not used and the probe is assumed to be in view of a given station if the probe' s

elevation angle _i is greater than 5 ° above the local horizon.

For hour angle-declination stations, if the absolute value of the function ='

is less than 50°., the elevation is assumed to be such that the probe will still be

in view at the next iteration. If the value I='I is greater than 50 ° the function

- 116 -
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_" is computed. As indicated on the above diagram, if 50°_< I _'i < 90 °, then

correspondingly, 45 °> eL"> 5 ° If the relation minrcL", "_i]> 5 ° is satisfied,
i. .J

the station is able to view the probe.

The values of either 7i or eL", depending on the above conditions, and the

value of 7i' and a code word are stored in a block of three lo_ations, the

location of the block being determined by the station from which the probe is

being viewed.

If a view period event or a station print is to occur, further calculations

must be made. The declination ol the probe 6. is given as
1

where

-90°< 6i < 90°

The 8. is measuredpositive north. 6. is stored in location DCL, the sin 6. in
1 1 1

SIMLAR + Z1, andthe cos 6. in SIMLAR + 2.2. The angular rate of declination1

6. ts given as
1

and is stored in DCD.

The quantities 0-., 0-,
1 1

in the designated locations:

6.

1

z - r. sin6.
Ip i

p i

are computed in the following manner and stored

COS _.
1

Z.

ip cos q5i - Xip sinai cos@i - Yip sinqbi sin@i

and is stored in SIMLAR +

equivalent to-x". .
ip

SIG.

I r--iplC°SYi
0°__ o-. _< 360 °

1

25. The expression in the numerator abo_= is

0-°is then computed from the value of cos0-, and stored in
1 1
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If the quantity " = cos @. - x. sin @ is negative, the value of ¢. is
Y ip Yip i Ip i - 1 i

between 180° and 360° and is formed by taking 360 ° - cos (cos¢i).
The value of sine. is computed and stored in SIMLAR + 26.

1

The value of 5. is calculated by the following:
1

>_" + cos _. cos _(i sin_( i)ip _i( ip - ripTi
_y. =

I rip cos_(i sin_. 1

and is stored inSIGD.

The quantities X i, Yi' Z.I are computed thusly:

X.
1

Y.

1

Z.

1

cos T (t) -sin T (t)

: sin T (t)

0

cos • (t)

0 x.
1

0 Yi

0 z.

These quantities are stored in SIMLAR + 30, 31, and 3Z,

They represent a topocentric coordinate system parallel to the (X,

respectively.

Y, Z) axes:

X. = X - X.
ip I

Y. = Y - Y.
ip i

Z. = Z - Z.
xp i

where the quantities computed are then stored in SIMLAR + Z7, 28, and 29,

respectively.
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The look angle k

To expand this relationship

k. = COS
1

• is computed as below:
I

ki -i ip "= cos 0°_<k. _180 °

X.. C + Y..C + Z. , C
-I ip x ip y ip z

I

I

The equation immediately above is the one actually used in the computation

of k i by the program, k. is then stored in LKA.l

The next quantity calculated is a 4-quadrant value for the polarization

angle Pi" This quantity is computed in the program by the following method:

I

I
where

Pi = tan 0° -<'Pi -_360°

I x_ [(5_x_x_]
a = Rip

I
I

I

and

b __

sin

(C x Rip) • (R x Rip)

[cos-_(_Ri_)]sin[c°s-1(_ _)]

I
I

I
I
I

This can be shown to be an expansion of the relationship which gives Pi in its

principal quadrants only.

The next calculations are those of the clock angles, of which there are

three: the Moon clock angle, the Canopus clock angle, and the target clock

angle. The computation for all three is similar, the only difference being the

substitution of the unit vector from the probe to the desired celestial body, such

as the Moon, Canopus, or the target.
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The computations are as follows:

Moon clock angle:

_1 x_!
_ sp 1p

N =Xx_ l
sp

where

I R1 _i )X X

_- = sp pm sp

[ _lsp xRlpm

H l is a unit station to probe vector,
ip

H I is a unit vector from Sun to probe,
sp

H 1 is a unit vector from probe to Moon.
pm

I'-- 1 o_m = tan-I _A- _C 0 _ _m _360°
B C

is stored in CKM.
rn

The Canopus clock angle and the target clock angle _c and _t' respec-

tively, are computed the same way except that _l and _i respectively, must
pc pt'

be substituted in place ofH I in the Moon clock angle calculation. H 1 is a

pm H1 is a unit probe to target vector pc
unit Sun to Canopus vector, and pt

Next calculated are the probe-station-Sun and probe-station-Moon

angles.

The probe-station-Sun angle is computed as follows and stored in PSS.

-i
PSS = cos 0°5 PSS _ 180 °

o

where A is the Sun-probe vector and Bis the station-probe vector.

Thus PSS, the probe-station-Sun angle is the angle between the Sun-

station vector and the probe-station vector, as shown in Sketch B-7.
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A-B_

"----5 U N

Sketch B-7

Similarly, the probe-station-Moon angle PSM is the angle between the

Moon-station vector and the probe-station vector, substituting Moon for Sun in

Sketch B-7.

The one-way frequency fli is computed by

fli = A6i .3 x i08 - AZ + 9.3 x 1089.3 x 108

where the factor of 9.3 x 108 is used as a scale factor to obtain greater signif-

icance in the calculation.

The two-way frequency is computed by

QZr. frA3 AI0___)
= z 0 6

fzi c -TO + A7i x ii

The expected signal strengths, ESSI and ESSZ are calculated by taking the out-

put signal strength and subtracting from it the value of space loss, the calcula-

tion of which is previously described.

The beacon frequency BFI is calculated as below:

-r. )BFI = cZ x B5B 6 + B5B 6 960 x 106

The doppler rate DOP is con lputed as DOP =

the speed Of light in km/sec. The quantity DELT =

IZl -

-Z_ip/C(960.0) where
i/.

c is
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The three-way frequencies are computed using exactly five stations and

a nonzero number must be input to location ALL5. The three-way frequency is

computed by

I A 11 r +rJ-llf3ji = 1 - AzA3A5fr i c A8i

.th
where r. is the slant range from any station i i J, where the j

J

viewing.

The output notation for three-way frequencies is the following:

station is

T1 = f3jl TZ = f3jz "'" T5 = f3j5

Also

A8i = i for i = 1,3,4,5

= 30 for i = Z

and

Usage

Calling sequence

CALL

OPI

OP2

where

X

Y

B

LOOP

X,,Y

B,,C

is a table of coordinates of the Earth-centered space-fixed of-

date equatorial Cartesian position vector of the probe (X + 1

contains y-component).

is the corresponding coordinate of the velocity vector. (Y + 1

contains y-coordinate. )

contains binary code word which is used to determine which

stations are to be considered. Each bit corresponds to a station

in the station tables contained in LOOP. Each bit from right to

left in the address corresponds to the table entries.
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C contains the unit vector in the same coordinate system as the X

table (defined above) and is centered at the probe and normally

points in the direction of the Sun. (C + l contains the y-com-

ponent of the C vector. )

OPl = PZE indicates call was made from Space Flight Trajectory Program.

For filling the SAVE tape buffer it must be known which of two

programs is calling LOOP. Iz, and omy iz, Earth - c_,_,

body, r. is computed and therefore DOP.z

--MZE indicates call was made from Powered Flight Trajectory Pro-

gram. (Allows SAVE tape buffer to be properly made.)

OPZ = PZE implies normal computation logic through LOOP. (All quantities

possible are computed. )

= MZE implies computation and buffering necessary for "view periods"

as done above,only calculation is terminated with the calculation

of EL, DEL, HA and DHA.

Additional Options

STACRD - l elevation stop for view periods. Value contained here is used to

determine horizon in terms of elevation angle.

The following options are available:

VCPR = 0

VCPR / 0

VSTPU = 0

VSTPU / 0

no Format B output will be produced.

Format B output will be written on tape B9 for offline printing.

no Format A output will be produced.

Format A output will be written on the system peripheral punch

tape for offline punching.

Normal station observable output is independent of the use of the above options.

Station names (BCD) and station locations and frequency constants can be

changed by input to station tables.

FORMAT A

Card columns 2-13: 12-character name for identification of station viewing

Card columns 15-31: Date and time of event, in the following format:
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!
Card

column
De s c ription Example

year 62 = 1962

month 08 = August

day 24 = Z4th day of month

hours 07 = 7 hours

minutes 14 = 14 minutes

seconds 51 = 51 seconds

15-16

18-19

Zl -22

24 -25

27 -78

30 -31

Card column 33-37:

Card column 39-46:

decimal places

Card column 48-52:

Card column 54-61:

decimal places

Card column 63 -71:

places

Card column 73-75:

Card column 77-78:

Elevation or hour angle of probe, deg, to l decimal place

Elevation rate or hour-angle rate of probe, deg/sec, to 4

Azimuth or declination of probe, deg, to I decimal place

Azimuth rate or declination rate of probe, deg/sec, to 4

Range from center of Earth to probe, kin, no decimal

Chronological event count

Station identification number

For hour angle-declination stations, the hour angle and declination and their

rates will be output.

For azimuth-elevation stations, the azimuth and elevation and their rates will

be output.

FORMAT B

Column 2-3: Station identification number

Column 4: Letter A, B, or C, to denote whether event is a rise, maximum

elevation or set, respectively.

Column 6-Z6: Date and time of event occurrence using following format:
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Column D e sc ription Example

6-7 year 62 = 1962

9-I0 month 10 = October

Ig-13 day 15 = 15th day

15-16 hours Zl -_ Zlst hour

18-19 minutes 45 = 45th _inute

Zi-26 seconds and milliseconds Z7. 389 seconds

If the station is an azimuth-elevation type station,

follow will be:

Column Z8-34:

Column 36-47:

the four quantities which

Azimuth, deg, to Z decimal places

Azimuth rate, deg/sec, in floating-point form, six

digits and an exponent

Column 49-54: Elevation, deg, to Z decimal places

Column 56-67: Elevation rate, deg/sec, in floating-point form, six

digits and an exponent

If the station is an hour angle-declination type station, the quantities hour

angle, hour angle rate, declination, and declination rate are printed in the

preceding format, respectively.

Column 69-80: Slant range, kin, in six-digit floating-point format

Column 82-93: Slant range rate, km/sec, in six-digit floating-point format

Column 95-I00: Latitude of probe, deg, to 2 decimal places

Column i02-i08: Longitude of probe, deg, to Z decimal places

Column if0: H = Hour angle - declination mount station

E = Elevation - azimuth mount station
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2. ANTR

Identification

ANTI< or ANTRl/Mariner R ephemeris interpolation subroutine for

ephemeris tape including Saturn and covering the period from 1950 to 1980.

P, rpose

To obtain positions and velocities of the Sun, the Moon, and the neces-

sary planets as determined by and referenced to the central body of the JPL

Space Trajectory Program. The coordinates are obtained as a function of

time by a sixth-order Everett's interpolation of ephemeris values stored on

magnetic tape.

Method

A sixth-order Everett's interpolation is performed to obtain the posi-

tions and velocities of planets and the Moon as determined by the central body

control word. Positions are found by direct interpolation,except in the case of

the Earth, where the necessary second and fourth differences are obtained

from the records on the magnetic tape as well as equally spaced position values

around the time point. Velocities are obtained in three ways:

I. The velocity of Venus is obtained by direct interpolation on the

given velocity ephemeris, with second and fourth differences of the

velocity of Venus obtained from the tape records.

2. The geocentric coordinates of the Sun are obtained from the for-

mulas:

RS® : -_D_ + bR_(

where

u m

VO0 = -Vo_ + P.Voq

=
_ + _

F_([= gravitational coefficient of the Moon

_) = gravitational coefficient of the Earth

135 -
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R(D®, V(D ® are the heliocentric coordinates of the Earth-Moon

barycenter obtained by direct interpolation.

R@_, V@_ are the geocentric coordinates of the Moon obtained by

interpolation directly for the position and by numerical differentia-

tion and interpolation for the velocity.

3. The remaining velocities are obtained by numerical differentiation

and interpolation using the positions, and the second and fourth

differences from the tape record.

The coordinates on the ephemeris tape are in terms of the AU for posi-

tions and AU per day for tabulated velocities except for the Moon which has

positions given in Earth radii. The subroutine scales all the position vectors

from the tape record before interpolation to kilometers to obtain interpolated

positions in kilometers. All numerically differentiated velocities are obtained

in kilometers per second by adjustment of the Everett's coefficients.

The velocity of Venus and the Earth-Moon barycenter are scaled so that

the interpolated values have the units in kilometers per day and are adjusted to

kilometers per second after interpolation.

Tape Format

The magnetic tape containing the ephemeris consists of twenty-day

records containing the position along with the second and fourth differences for

the Moon at one day intervals; the position of Venus, Mars, Earth-Moon bary-

center, Jupiter and Saturn together with their second and fourth differences at

four-day intervals; and velocities with second and fourth differences for the

Earth-Moon barycenter and Venus at the four-day interval. All information on

the tape is considered by the subroutine to be binary floating-point numbers,

except the check sum at the end of each record.

to the mean equator and equinox of 1950.0.

The format of the tape is as follows:

d'(integer days past Oh January I,

X(([0) 2 4 _0), 60 y_,, 60X¢ ' 60X_ ' y 2

J

x_20) 2 4 v(20) 82 y_, 820X¢,620X _ , i_ ' 20

All coordinates are referred

1950; Ephemeris Time)

4 y(_ (O) 2 460 , z¢ ,aoz_, aoz_

t

, (2 2 Z¢, 44 y_ Z 0), 620 620Z _, 520

- 136 -

I
I
I
I
I

I

I
I
I

I

I
I

I
I
I

I
I



I

I
JPL Section Report No. 372-11

I

I
I
I

I
I

I
I
I

I
i

I

I
I

I

I

(21 tabular dates,

i_), z- 4.60X ®, 60X ®,

i(O)

$

x(O)

nine quantities per date)

60Y ®, 60Y ®,

x_'

x(O)

x(0)
In

-5

X®

5
X

(six tabular dates, 63 quantities per date)

Check sum of all previous values

_$), 2 •60Z ®,
.

60Z ®

a4_,

a4z_

_47
v 0 _"_ o"

e4_
VO" ®

64Zx

64oZa

6_t®
4

65Z 5

(The last set of values are the heliocentric values in order of the Earth-

Moon barycentric velocity, velocity of Venus, position of Venus, posi-

tion of Mars, Earth-Moon barycentric position, position of Jupiter, and

position of Saturn. There are six sets,

intervals of four days.)

The length of the record is therefore

1 for d

189

378

1

569

one for each of six dates, at

= 9 x 21 for geocentric information

= 9 x 7 x 6 for heliocentric information

= check sum

words

The tape spans the E, T. epochs Oh January ii, 1950, to Oh July 27, 1981;

attempts to interpolate outside this interval will result in an error message

being printed and the FORTRAN monitor routine EXIT will be called. Failure

to read tape properly will also result in the error procedure.
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Usage

There are two entries to the subroutine, one to obtain positions only

(ANTR) referenced to the central body and one to obtain positions and velocities

of all bodies referenced to the central body (ANTRI). Given any central body

all other bodies can be interpolated.

The address part of the cell CENTER must contain the fixed-point

integer designating the central body.

Center Body

0 Earth

i" Moon

2 Sun

3 Venus

4 Mars

5 (not available)

6 Jupiter

It is also assumed that the time in double-precision floating-point

seconds past Oh January I, 1950 (Universal Time), is in the cells T, T+l

before entry to the subroutine. The cells KBO to KBO + 6 are used for the

effective gravitational coefficients as a function of the central body. Values of

the gravitational coefficients are available in this table after interpolation in

the following order:

KBO

KBO+I

KBO+2

KBO+3

KBO+4

KBO+5

KBO+6

Earth's gravitational constant

Moon's gravitational constant

Sun's gravitational constant

Venus' gravitational constant

Mars' gravitational constant

Saturn's gravitational constant

Jupiter's gravitational constant

The cell of this table that corresponds to the central body will be zero.

The interpolated floating-point values of the coordinates are placed by either

entry into a buffer called XN fo_ positions and XN. for velocities. The

arrangement is as follows:
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+

+

+ _

+ 7

+ 8J

+l

+1

+1

+1

+1

+1

+18 l

+19_
+goJ

Calling sequence

CALL ANTR

normal return

CALL ANTRI

normal return

Earth

Moon

Sun

V enu s

Mars

Saturn

Jupiter

XN.

+

+

+

+

+ 6%

-t+ 7

+ 8.1

+lO

+l 1J

+l g_

+13_
+14J

+15_
+16_-

+i 7.J

+181

+1 9_-

+20J

(positions only referenced

to central body)

(positions and velocities for

all bodies referenced to

central body)

- 139 -



JPL Section Report No. 372-11
i

i
3. SRCH

Purpose

To obtain a set of Fi's by linear methods and iteration which will be

within an E -neighborhood of a set of Y.'s. Stated mathematically the problem
1

is: given a vector Y, find a vector F, each element of which is a function of

another vector space (x l, xg...x n) such that

I " I i = i 2- .NFi(Xl' XZ" "Xn) Yi _- E i

Method

A standard Newton-Raphson method is employed to obtain the correc-

tion vector AX = (6Xl, 6x Z. • .6Xn) from the equation

AAX = Ay

where A is a matrix of partial derivatives obtained numerically by perturbing

the x.'s and Ay is a vector of differences between the Y.'s desired and the F.'s
i 1 I

obtained. After each evaluation of the F.'Sl convergence (i.e., IF.-I Y'll<- _ i) i_

i J

! !

checked. If convergence has not been reached by the time it is possible to

solve for the AX vector, it is solved for. The A matrix can be retained or

recomputed over the course of running the number of iterations requested.

Usage

Calling sequence:

Location

A

A+I

A+2

A+3

A+4

Explanation of Terms

V is the location of a storage buffer of length 9N + ZN 2

buffer is divided into several tables.

The first table is of length N and is located from V to V

inclusive. It contains:

Instruction

CALL SRCH

PZE V, T, N

PZE EVAL, TAG, CTR

ERROR RETURN

NORMAL RETURN

words. This

+N-1
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Lo cation Addr e s s Tag Decrement

V L(Xl) 0 L(FI)

V + 1 L(x Z) 0 L(F2)

V + N - 1 L(Xn) 0 L(Fn)

The second table is of length N and is located from V + N to V + gN -

inclusive. It contains the values of the Y.'s wanted in the following order:
i

Location Contents

V +N Y1

V +N+ 1 YZ

V + ZN- i Y
n

The third table contains the amount that the x.'s will be perturbed by
1

(this table is supplied at the user's option). It is iN words long and is located

from V + ZN to V + 3N - 1 inclusive. It is in the following order:

Location Contents

V + 2N Pl

V + 2N + 1 P2

V + 3N 1 Pn
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where the Pii = 1,2...N are the amounts to perturb the x.'sl by, and are also
the denominator of the numerical partial derivatives in the A matrix.

The fourth table contains the Ei's that define the neighborhood of con-
vergence (this table is supplied at the user's option). It is N words long and is

located from V + 3N to V + 4N - 1 inclusive. It is in the following order:

Location Content s

V+ 3N Ei
V+ 3N + 1 E2

V+ 4N - 1
E n

The storage from V + 4N to V + 9N + 2N 2-I is used by the program

for working and permanent storage. It is broken down as follows:

I. Storage from V + 4N to V + 5N - 1 inclusive is used for

the solution of the simultaneous equations.

2. Storage from V + 5N to V + 6N + N 2 - 1 inclusive is used

for the storage of the augmented matrix of partial deriva-

tives and is destroyed in the solution of the simultaneous

equations.

3. Storage fromV + 6N + N 2 to V + 7N + N Z - 1 inclusive

is used to store the original x.'s and is kept intact duringone
I

iteration.

4. Storage from V + 7N + N 2 to V + 8N + N 2 - 1 inclusive

is used to store the first values of the F.'s for each itera-
1

tion.

5. Storage from V + 8N + N 2 to V + 9N + gN 2 1 is used to

store the augmented matrix of partial derivatives and is kept

intact in the.event the user calls for the option to not recorn-

pute this matrix over iterations.

T is a control which determines if the subroutine will assume that the

user has loaded the Pi's and/or E.l's into the V bank or not.
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= and _.'s are givenIf T 0 then Pi's l

-- 1 then _i's are given, @i's not given

= 2 then Pi'S are given, E.'s not givenl

= 3 then neither Pi'S nor E.'s are given1

If the T = l or 3 then the subroutine sets the Pi'

k = 0.0001 and is located at SRCH + 4.

If the T = 2 or 3 then the subroutine sets the _.'
-6 l

where _ = 1.0 x 10 and is located at SRCH + 5.

s to kxi, where

StOp,

1

EVAL is the location of a user subroutine which evaluates and

stores the F.'s in the locations defined in the first table.
i

EVAL's calling sequence must be:

CALL EVAL

Normal return

TAG is a control which allows the user to recompute the matrix

of partials for each iteration or compute it on the first

iteration only.

If TAG = 0 then the matrix of partial derivatives is recom-

puted on each iteration

= I then the matrix of partial derivatives is com-

puted on the first iteration only and reused for

each succeeding iteration.

CTR is an integer which determines the number of iterations to

try for to reach convergence.

ERROR RETURN is the location to which the subroutine returns if the

specified number of iterations, CTR, has been reached with-

out converging.

NORMAL RETURN is the location to which the subroutine returns if

convergence has been reached within CTR iterations. The

desired values of the x.'S will be stored in the locations
1

specified by the locations in the first table in the V bank.

Storage

The subroutine requires 484 words of memory. In addition 8 words of

COMMON are required. The subroutine includes a simultaneous equation

solver routine.
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ProGrammer Notes

The criterion for convergence when the E.'s are not given is
1

F.I Y.lYil
< 10 -l i = I, 2,... N

Therefore, if any of the Y.'s are zero all E.'s must be supplied.
i i
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APPENDIX C. MONITOR MAIN PROGRAM (TPWRT), ONE-CARD

LOADER, AND THREE-CARD LOADER

The three programs whose assemblies are given in this Section are

included to allow the reader a fuller understanding of the methods used in the

Trajectory Monitor System. The first of the three assemblies is the main

program in the FORTRAN sense and allows fne making of t11e production tape.

The second assembly is the One-Card Loader Program which is used if the

user wishes to operate outside of the FORTRAN monitor after a production

tape has been made. The third program listing is the Three-Card Loader

Program which is used in front of cases when operating under the FORTRAN

monitor.
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The format of the row binary card for the one-card loader is shown
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APPENDIX D. DETAILS OF SPECIAL OPTIONS FOR

SPACE TRAJECTORY PROGRAM

PUBLIC INFORMATION PRINTOUT

Some public information may be printed out from the Space Trajectory

Program under the JPL Trajectory Monitor. This infor.__ation is associated

with two output groups. Certain public information can be obtained with the

geocentric nNtput group. Other public information can be obtained as an addi-

tional two lines associated with the heliocentric output group.

The public information associated with the heliocentric and geocentric

output blocks is obtained by putting a "I" in 16710 (the 10th octal digit from the

left in location 16710 ) (see Section VIII-D).

The following are the two (2) lines associated with the heliocentric output

block obtained when the public information flag is thrown (octal digit in 16710):

PUBLIC INFORMATION

X Y RPE RPT VGC V

where

X

Y

RPE

RPT

VGC

V

The

{4) additional lines printed at the end of the normal geocentric block.

is the x-component of the Sun to spacecraft vector measured in a

vernal equinox ecliptic system, where the x direction is toward the

vernal equinox of 1950.0 or true of-date, depending upon what was

called for in 17910. The component is scaled from kilometers to

board units on output, where one board unit equals 16, 093, 440 kin.

is the y-component in the same coordinate system as X above and is

also in board units.

is the Earth-probe distance in statute miles, where one statute mile

is equal to i. 609344 km.

is the target-probe distance in statute miles.

is the geocentric inertial speed in statute miles per hour.

is the heliocentric inertial speed in statute miles per hour.

public information associated with the geocentric output block is four

These are:

M

BOARD UNITS

UE VE ALF S1 $2

UP1 VPI UMI VMI S

UP2 VP2 UM2 VM2 GM
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i
where UE and VE are both assembled as zeros. These are the board coordinates

of the Earth and are invariant with date or trajectory.

The rest of the quantities in this block of public information will allow a

display on a board which is ruled into a 150 by iZ0 grid. There are two pos-

sible scales available to associate this grid with kilometers.

Sketch D-I describes the relationship between the centering angle _, U,

and V.

V

t/

Sketch D -l

The UPi, VPi, i = l, 2 are the board coordinates of the probe or space-

craft using either the SI scale {i = l) or the $2 scale (i = 2).

The UMi, VMi, i = I, Z are the board coordinates of the Moon for one of

the two scales.

The UPi and VPi are obtained from the following equations:

x =R.P
I

y = R'Q I

where QI are unit vectors toward perigee and perpendicular to perigee in

the orbit plane at injection time. Let

RxV

IT x v I
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at injection form W-I' a unit vector perpendicular to the orbit at injection. Now

W-I x P--Iwill determine QI"

R is the geocentric position vector of the probe at time T in kilometers.

Vis the inertial velocity vector of the spacecraft in kilometers per second.

The alpha (e) assembled in the program was obtained from the equation

(=)e tan i 'iO"= + i0 o =50 °

which puts the Moon on the diagonal of the board at encounter time on a Venus,

Mariner Z type, trajectory.

Using the obtained x, y, e, UE, and VE, the board position of the space-

craft can be found as follows:

UPi - (-x cose + y sine) + UE
1.609344 Si

VPi - -(x sine + y cos e) + VE
I. 609344 Si

i = I,Z

where

Sl = 2500 statute miles per board unit

$2 = i0, 000 statute miles per board unit

The Moon' s position in board units can be obtained as follows:

Obtain the projection of the Moon' s position at time T onto the orbital

plane from

D m

R = R

mproj m
- WI(R m. W I)
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where Rmis the geocentric position vector of the Moon at time T and W---I has

been previously defined.

Then the x and y components of the Moon in the orbital coordinates at

injection are

D

x = R .P
m m I

proj

Ym = _ "QI
mp r oj

Then the Moon' s coordinates in board units are

(-x cosa + Ym sina)
UMi - m + UE

1. 609344 Si

-(Xm sina + Ym cos a)
VMi - + VE

i. 609344 Si

i : 1,2

where S1 and SZ were explained above.

To obtain the angle S, the direction of the Sun measured counterclockwise

from the positive U-axis, we obtain first the unit vectors U' and V' from

U' : -P-I cos a + Q1 sin a

V' : -PI sin a + _I cos a

Then the Sun's projection onto the orbit plane is obtained from

-- m

R = R
s s

proj
- WI(R s. W I)

m

where R s is the geocentric position vector of the Sun at time T
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Finally, S is obtained from

U'-R
s

COS S = proj

IRsprojl

V'-ll
s

sinS : proj

iRsproji

0°_< S < 360 °

The angle M, the direction of the Moon measured counterclockwise from

the positive U-axis, is obtained from the equations

cosM =

sinM =

U"R
m

proj

I Rrnproj [

V" R
m

proj

IRrnproj I

0°< M < 360 °

Finally, to obtain the angle GM, which is the direction to Greenwich,

England, measured counterclockwise from the positive U-axis, we construct a

unit vector G' given by

G' = (cos _G' sin_G' O)

where @G is the "right ascension" of Greenwich and is given by

_G = GHA(0) + _t

where GHA(0) is the Greenwich hour angle at the last midnight and t is the

Greenwich mean time at time T. _ is the Earth's rotational rate.
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The projection of G' onto the orbit plane is found from

O%_oj=o _ico_I

and from this we find the angle GM

cos GM -

U" G
proj

sin GM

m

V" G
_ proj

This completes the definitions of the public information associated with

the geocentric output group. It is to be remembered that to trigger either of

these public information outputs, the proper flags must be used in 16710. Of

course, it is understood that to get the public information associated with the

geocentric output block, the geocentric normal output group must be called for,

and likewise, to get the heliocentric associated public information, the helio-

centric normal output group must be called for, as well as the public informa-

tion flag being set.
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BRONSTEIN ANGLES

It was desired to have an output option in the Space Trajectory Program

which gave certain angles that describe the angular position of celestial bodies

with respect to the spacecraft. The angles proved useful to engineers at JPL

th
during RanTer and Mariner missions. Given are a reference body and an n
I I

Doay.

Then if

RPS = unit probe-Sunposition vector

RPR = unit probe-reference body position vector

RPN

Therefore

H

= unit probe-n th body position vector

RPS x RPR

IRPSx RPRI

The generalized hinge angle GHG is given by

[ ]sin GHG = RPN x H. RP--'---S

[RPN x H'[
0 ° <- GHG < 360 °

cos GHG =
(H x RPN) x H. RPS]in x _1

The generalized swivel angle (GSL) is given by

sin GSL = H. RPN -90 ° <-- GSL -< 90 °

The generalized clock angle (GCK) is given by

cos GCK =
RPS x RPN

[ RPS x, RPN'[

.H 0 ° _< GCK _ 360 °
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-- RPS x RPN
sin GCK = H. x RPS

[RPS x RPN[

The generalized hinge angle to the reference body (GHR) is given by

cos GHR = RPS • RPR

sin GHR = (RPS x RPR)

0 ° < GHR < 360 °

H

is a unit vector perpendicular to a plane parallel to the ecliptic and containing

the spacecraft.

The generalized longitude (GLG) is given by

RPN x K
sin GLG = RPS

cos GLG = RPS • (K x RPN) x

0 ° _< GLG < 360 °

The alternate latitude (ALT) is given by

cos ALT = RPS x RPN

I_sx_I

sin ALT = K.
RPS x RPN

x RPS

0 ° _< ALT < 360 °

The generalized latitude (GLT) is given by

sin GLT = RPN • K -90 o<_ GLT <- 90 °

The alternate clock angle (ACK) is given by

m

sin ACK = B x
RPN x B

IRPN x B-I

w

• H -90 o < ACK <- 90 °

- 162 -

I
I
I
I
I

I
I

I
I
I

I

I
I
I
I

I

I



!

!
JPL Section Report No. 372-ii

i
I

I
I

I
I
I

I
I
I

I

I

I
I
I

I
i

where

B = H x RPS

The alternate B latitude (BLT) is given by

sin BLT = F x ........ • K -90 ° _BLT-< 90 °

where

F = K x RPS

These angles are printed in one block by putting a 1 on the ninth digit

from the left in location 16710 and by input described on the input sheet

labeled "Bronstein Angles" in Section VIII-D.
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CONIC PRINT FORMAT

Geoc entric l

The IHeliocentric | conic output blocks have been reformatted and

LTargetcentricJ

recoded from the conic output format of Ref. Z. The output parameters have

been grouped so that the variables independent of the reference coordinate sys-

tem (Group A) are in one block and the variables dependent on the reference

coordinate system (Group B) are in a second block. Further, the reference

plane can be one or more of the following planes: Earth equator, ecliptic,

orbit plane of the target, true target equator. Input locations 16710 and 17810

have been modified to handle the additional flags needed. The conic flags in

16710 are used to control output of Group A while the flags in 17810 are used to

control output of all or part of Group B. In 17810, a l in a flag causes all of

Group B to be printed, a 2 flags all but the first line, and a 3 flags the last line

only. The output format is defined in Section IX-B.
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MOTOR BURN

The Space Trajectory Program has the capability of simulating one

motor burn. The acceleration due to the motor burn is given by

I
I
I

I
!

where

m 0 =

rh =

T =

T O =

g =

m [m 0 - rfa(T- To)J_'

thrust in ib-force

initial weight in ib

weight flow rate in ib/sec

current time

initial time

0.0098061976 km/sec 2

m

=--R sin _ + Mcos

where

R is the Earth-spacecraft position vector

is the magnitude of

is the bias angle, an input parameter

-- R
M=Wx --

where

m m

RxV
W -

Ig x Vl

where V is the Earth-spacecraft velocity vector.

The motor starts burning on time, an input parameter, and terminates

burning on either the value of C 3 or time.

Refer to the motor burn input sheet for the locations of the input param-

eters, Section VIII-D.

165 -



JPL Section Report No. 372-11

DRAG

The Space Trajectory Program has the capability of simulating

atmospheric drag. Two drag models, flatplate and spherical, have been pro-

vided. The acceleration due to drag is given by

k rlVlA%V]_d : m[_ P

where for both models

A

P
r

V

Z
= effective cross-sectional area of the spacecraft, cm

= atmospheric density, kg/m 3

= Earth-fixed velocity vector of the spacecraft, km/sec

IV-I = magnitude of V, km/sec

m = mass of the spacecraft in kilograms, an input parameter

C d = coefficient of drag, unitless
Z

k = a constant value of 1/10 used to make the units of a d km/sec

The input parameter A is used as a flag for the drag option. A nonzero

A flags drag, while A = 0 flags no drag.

Next

where

Then

HIGHT :IRI - 6378 + n

IRI = Earth-spacecraft radius vector magnitude

n =f0 if the spacecraft is not in the Earth's shadow

Lz0 if the spacecraft is in the Earth's shadow, km

in p

0 for HIGHT < i00

P61 (HIGHT) for I00 _< HIGHT < 135

P62 (HIGHT) for 135 _< HIGHT < 440

0 for HIGHT _>440
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R

1
where P6 is the following sixth- degree polynominal:

1

a 0 =-0.67268990 x 10

a = 0.3103709Z x i00

1 -2

a 2 =-0.48351957 x i0
-4

a 3 =-0.10814594 x i0
-6

. ,31o x Iv
a 4 = 0 1731 .....

a 5 = 0.90570804 x 10 -9
-ii

a 6 =-0.62506036 x I0

2

and P 6 is the following sixth- degree polynominal :

b 0 = 0.11026027 x I00

b =-0.27174679 x i00
1

b Z = 0.117ZZ739 x 10 -2
-5

b 3 =-0.10759789 x 10
-8

b 4 =-0.73376560 x 10
-10

b 5 = 0.22268473 x 10
-13

b. =-0.18484971 x 10
o

and P0 = atmospheric density at sea level

__P__
Pr -

P0

The computation of C d is the difference between the models and is

determined on the basis of the value of _. Flat plate iscl = 0, _ nonzero gives

spherical.

For the flatplate model

C d = exp[kl( V/Ax lO-4)(pr)](l.l) + 1

where

k = -6.87 x 107 and can be changed by input
1

a = accommodation factor = 0
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M
e

For the spherical model (a / 0)

1 (HIGHT) where the coefficients of the fifth-degree polynominal are= P5

c O = 0 20122668 x i00

c = 0 17572864 x i00

1 -2

c Z = -0 10661253 x i0
-5

c3 = 0 16206051 x i0
-8

c4 = 0 10690?95 x i0
-ii

c5 = -0 30545982 x i0

a = accommodation factor and is input in the range 0.8 __ a __i. 0

F _ /i a 1 23 x i0-2_

_+ IIX/ Me v2

A =- Pr FM e

A
&' = e

_ _+I_+°_°_= + 708

See Section VIII-D for the DRAG input sheet. The atmospheric data was

obtained from Ref. 5.
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SOLAR RADIATION lmPO_SSURE

The Space Trajectory Program can simulate the perturbation due to the

solar radiation pressure (Ref. 6). The perturbing acceleration is given by

arp = _S (km/sec 2)
IRI

where R is the Sun-spacecraft position vector

and

K IscI_AI[GBI GB21EPSl ]- m A + GB + 1 (km3/sec 2)

where

SC = solar radiation constant = 1.02 x

s_=(÷)(4_)
J = radiant energy per unit area per unit time

C =

rSE =

A =

m ---

GBI =

GBZ =

ElmS =

GB =

i08 ( kgseckm2 x I0-6)

1.37 x 103(watts 2) = 1"37x\meter 103(ske-_c3)

_eeao__ =' _ x_0__(=ec)
mean distance from Sun to Earth = l AU = 1.49599 x 108(km)-

2
area of spacecraft, m

mass of spacecraft, kg

constant coefficient of polynominal in ElmS, rad-m Z

linear coefficient of polynominal in ElmS, rad-mZ/deg

Earth-probe-Sun angle, deg

(y)(B)

"_ = percent of reflected radiant energy

_ for specular reflection

B =]2/3 for diffuse reflection
M

R -_ unit Sun-spacecraft position vector-- ---- Z
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)UT I

,ave t]l

Prints occur when the probe passes through I

i SketciD-2, each of which is perpendicular

!

!

!

!

!

RADIOMETER PRINTOUT

For Venus trajectories it is desirable to have the option of printing at

three specified times near Venus.

each of the parallel planes shown in Sketch D-2,

to the Venus-Sun line.

TERM INATOR

(UNIT VECTOR IN THE
DIRECTION OF THE SUN)

Sketch D- 2

R 1 and R 3 are at ](R • _)I : r(radius of Venus)

R Z occurs at R • _ = 0

The input flag which signals the. above computations is the eleventh digit

from the left in location 16710 (see Section VIII-D). The printout given at these

times is explained in Section IX-B.
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APPENDIX E. FLOW DIAGRAMS OF JPL TRAJECTORY MONITOR

The flow diagrams which follow explain in detail the various logic paths

that can be taken by the monitor as a function of the input given it. Most

questions of detailed operation will be explained by these diagrams.
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APPENDIX F. MONITOR SEARCH PARAMETERS

The list of variables that can be searched for by the monitor is given

in Table F-l. The Table gives the symbol that must be used on input to the

monitor as the name of the independent or dependent variable, the decimal

location where the variable is found, and the value of the delta increment. This

delta increment is used as an interval within which the variable must lie for

convergence, if the variable is a dependent variable. If the variable is an

independent variable, then the delta increment is the amount by which the

variable is incremented to allow the computation of numerical partials used

when searching. The table containing the names of the search variables

is called BCD. The name of the table of locations, which is one-to-one with

the BCD table, is ADD). The name of the table of increments is RH_.
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Symbol

Table F- 1. Monitor Search Patterns

Description Units

Symbol o r
Decimal

Location

Increment

Value

i
I

i
X

Y

Z

X.

Y.

Z.

R

PHI

THETI

V

GAM

SIGMA

SIG(L)

R(L)

GAM(L]

cJ(s)

Pro(s)

TH(S)

T

}
}

}

Rectangular position vector

components measured

either with respect to the

ecliptic or equator in a

true of-date or 1950.0 ver-

nal equinox inertial frame.

Rectangular velocity

vector components, mea-
sured in the same frames

possible for the position
vector above.

This spherical set is either

Earth- centered inertial,

Earth- centered Earth-

fixed, or Moon- centered

Moon-fixed. For the

Earth- centered inertial,

the vernal equinox direc-
tion can be true of-date or

195O. 0.

This is the energy asymp-

tote searching set
described in

Ref. Z. SIG(L) is the

launch azimuth. R(L) is the

range from the center of

Earth to spacecraft.

GAM(L) is the flight-path

angle measured from the

local horizontal at injec-

tion time. C3(S) is the

energy constant from the
Earth-centered conic at

injection time. PHI(S) is

the right ascension of the

outgoing asymptote. TH(S)
is the declination of the

outgoing asymptote.

The third word of injection

time (added to the sexages-

imal injection time to give

the true injection time).

- 184-

km

km

km

km/sec

km/s ec

km/sec

km

deg

deg

km/sec

deg

deg

deg

km

deg

kmZ/sec Z

deg

deg

see

Xl

Y1

Z1

Xl.

YI.

Zl.

Xl

Y1

Zl

Xl.

Yl.

Zl.

Xl

Yl

Z1

Xl.

Yl.

Z1.

138

I00.0

100.0

100.0

0.010

0.010

0.010

100.0

0.20

O.ZO

0. 005

O.ZO

O.ZO

0.10

100.0

0.10

O. 0001

0. i0

0.10

100.0

i
I
I
I

I
I

I
i

I

I
I
i
!

I
!



I

I
JPL Section Report No. 372-11

I

l
I

I
I
l

I
I
I
I

I

I
I

l
I

I
I

Symbol

MYX 1

MYY f

MYX. t
MYY.

ENERGY

CHIBRI 1

CHIBRZ

CHIBR3

CHIBR4

MUI t

MU2

MU3

MU4

DL CI-II 1 "_t

DLCHI2

DLCHI3
DLCH14

J

ANATP1 t
ANATP2

Table F-I. Monitor Searth Patterns (Cont'd)

Description Units
Symbol or
Decimal

Location

The x and y components of

the plumb-line initial posi-

tion vector for the Powered

Flight Program.

The x and y components of

the plumb-line initial

velocity vector for the

Powered Flight Program.

The energy shut-off for the

third motor energy.

These are the four avail-

able constant chi values of

the Powered Flight Pro-

gram. _i,i = 1,4

These are the four constant

_'s which allow control

from the local horizon in

the Powered Flight Prograrm

These are the four avail-

able A_('s in the Powered

Flight Program.

meters

mete r s

m/sec

m/sec

m2/s ec 2

deg

deg

deg

deg

deg

deg

deg

deg

deg

deg

deg

deg

363

364

366

367

693

382

383

384

385

370

371

372

373

386

387

388

389

These are the linear and

constant coefficients,

respectively, of the angle

of attack in pitch polyno-
mial in the Powered

Flight Program.

These are the linear and

constant coefficients of the

angle of attack in yaw poly-
nomial in the Powered

Flight Program.

deg/sec

deg

deg/sec

deg

490

491

497

498

- 185 -

Increment

Value

50.0

25.0

5
1.0 x 10

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01
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Symbol

CIMI
COMI
CIMZ
COMZ
CIM3
COM3
CIM4
COM4
CIM5
COM5
CIM6
COM6

TBM1 _
TCMI
TBMZ
TCMZ
TBM3
TCM3
TBM4
TCM4
TBM5
TCM5
TBM6
TCM6._

TMLNCH

B.T •

C3

Table F-I. Monitor Search Patterns (Cont'd)

De sc ription Unit s

Symbol o r

Decimal

Location

These are the linear and

constant coefficients of

the X-polynomials in the

Powered Flight Program

by motor for six motors.

The first digit corre-

sponds to the subscript
of the coefficients in the

polynomial and the
second number corre-

sponds to the motor
numb e r.

These are the burn times

and coast times for six

motors for Powered

Flight Program.

Time past midnight of the

day of launch for the

Powered Flight Program's

initial time.

w

The components of the B

vector from the target

conic in the Space Trajec-

tory Program where the
T vector is referenced to

the plane defined by the

input given in 167
i0.

The energy constant of the

vis viva integral from

target conic in the Space

Trajectory Program.

deg/sec

deg

deg/sec

deg

deg/sec

deg

deg/sec

deg

deg/sec

deg

deg/sec

deg

sec

sec

sec

sec

sec

sec

sec

8ec

sec

sec

sec

sec

sec

km

km

kmg/s ec 2

705

706

712

713

719

7Z0

726

7Z7

733

734

740

741

9O9

911

9Zl

9Z3

933

935

945

947

957

959

971

973

393

GRUB6

GRUB6+I

GRUB5+Z

- 186 -

Increment

Value

0.01

0.01

0.01

0.01

0.01

0.01

0 01

0 01

0 01

0 01

0 01

0 01

0.04

4.0

0.04

4.0

0.04

4.0

0.04

4.0

0.04

4.0

0.04

4.0

40.0

3.0

3.0

1.0 x
-6

I0

I
I

I
I
I
I
I

I
I

I
I

I

I
I
I
I

I
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I

I

I
I

I
I
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Symbol

V(H)

T(F)

T(F)M

LNGTD

SPARTA

SPADC

GAMMA

RADIUS

Table F-I. Monitor Search Patterns (Cont'd)

Description Units

Symbol or
Decimal

Location

Target conic's hyperbolic

excess velocity in _- _....

Trajectory Program.

Time of flight when the

target is a planet in the

Space Trajectory

Program.

Time of flight when the

target is the Moon in the

Space Trajectory

Program.

Earth longitude at the end

of the powered flight

integration.

Right ascension at the end

of the powered flight

integration of the outgoing

a symptote.

Declination at the end of

the powered flight integra-

tion of the outgoing

asymptote.

Flight-path angle at the end

of the Powered Flight

Program.

Radius from center of

Earth to spacecraft at

end of Powered Flight

Program.

km/sec

days

hours

deg

deg

deg

deg

meters

GRUB5 +5

TT +Z

TT+2

755368

764758

764748

755248

755178

187 -

Increment

Value

0.01

0.Z5

0.25

0.01

0.001

0.001

0.01

i00.0
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I

I

Symbol

DIFDC

DIFRA

ALTITU

T(F)L

SEL_N_
SELATJ

JULD

LATIT

L ON GY

Table F-I. Monitor Search Patterns (Cont'd)

Description Units

"Difference _ - _' and
P P

(_ - _)' respectively where
P P

@' = G 0 + A(At) + B(At)
P

CI:)' = _ + D(at) + E(_t)
P P

also

At = t I - tls' and_)o' CI)O'

A,B,D,E, tls are input.

tI is injection time.

deg

deg

Symbol or

D e cimal

Lo cation

755518

755528

756448

T(F)L

T GSPH+ Z

T GSPH+ 1

EPOCH

74070
8

The altitude above the local

horizontal at the end of

Powered Flight Program.

Linearized time of flight

for the Space Trajectory

Program. Days for

planetary case, hours for
lunar case.

Selenographic latitude and

longitude for the Space

Trajectory Program.

Modified Julian date:

number of days past IZ

hours March 6, 1960

(J.D. Z437000.0)

Geocentric latitude in

Space Trajectory Program.

Geocentric longitude in

Space Trajectory Program.

me ter s

days

or

hours

deg

deg

days

deg

deg 74071
8

188 -

Increment

Value

5.0 x lO -4

5.0 x 10 -4

100.0

O. 025

0. i0

0.10

0. 00333

0. i0

0.i0

I
I

I
I

I
I
I

I

I

L

I
I
I

I

I

I
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APPENDIX G. TEST CASES

Check Case I

Check case 1 is an Earth-Moon trajectory using the EXTEND option, i.e.,

Powered Flight, then Space Trajectory Program. The spacecraft injects on

January 13, 1963, and impacts the Moon at a lunar latitude of -7. 01 deg and a

lunar longitude of 297.7 deg and a flight time of 66.09 hr.

It is desirable to know when the spacecraft could be seen and ,.vhen the

extreme elevation occurred with respect to three of JPL's DSIF (Deep Space

Instrumentation Facility) tracking stations. These three events make up a

view period and were requested by input.

Frequent printing was also requested by input.

The approximate running time on an IBM 7094 is 3 rain.
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Check Case Z

Check case Z is an Earth-Venus trajectory made during the Mariner g

mission. Injection is on September 5, 1962, and the flight time at encounter

with Venus is i00.8 days with a miss of 41,01Z kin.

Public information was needed at the time of the mission as well as the

angles printed under "BRONSTEIN ANGLES". Also, at the times the space-

_i_ pa Lnroug_1 L_e raulome_er anes near venus special prints were

needed. Public information, Bronstein angles, and radiometer planes are

explained in detail in Appendix D.

This run takes approximately l rain on the IBM 7094.
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Check Case 3

Check case 3 is an Earth-Mars trajectory run at JPL during the trajectory

design phase of the Mariner C mission. Parking orbit injection occurs on

November ii, 1964, and time of flight is 257. 68 days.

This case shows how parking-orbit injection conditions can be input to the

Powered Flight Program which then simulates the parking orbit and second

burn of _ .... "_ v_h._1_, the end conditions o5 the Powered Flight_,_ se_u11_-stage .... :-_- how

Program become the injection conditions of the Space Trajectory Program

(hence the EXTEND option), and how the searching technique works; i.e., how

the desired values of the miss parameters 13. T and ]B.R are searched to by

varying time of launch and time of coast.

A minimum of printout was needed so the "canned" values of the phasing

parameters were used.

The approximate running time on an IBM 7094 is Z. 3 rain.

-Z63 -
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Check Case 4

Check case 4 is an Earth-Moon trajectory with injection occurring on

August 6, 1963, and lunar impact occurring at a lunar latitude of 0.229 deg and

longitude of 31 I. 06 deg.

A time of flight (TF) of 66. 485 hr and a B- T and B. R of i00 km were

desired so a "search" was made varying x, y, and z at injection. The final

conditions were

TF = 66. 4851 27 hr

B'T = 100. 29800 km

B" R = 99. 961635 km

which is within specified tolerances.

A minimum of output was desired so the canned values of the phasing

parameters were used.

The approximate running time on an IBM 7094 is 2. 3 rain.
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